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The crystal structure of Shortite, Ca,Na,(CO,), 


By Frans E. Wickman 


With 2 figures in the text 


Previous investigations. Shortite from Sweetwater County, Wyoming was de- 
scribed by J. J. Fanry (1939). W. E. Ricamonp (1941, 1941 a) studied its X-ray 
crystallography and found the space-group to be Cx—Amm. 

Material. A small clear crystal showing ¢ {001}, a{100}, and e {011} obtained 
from the original locality was used for the present investigation. The crystal was 
cut in order to obtain a more equi-dimensional size around the a-axis (diameter 
0.3 mm). 

Unit cell and space-group. Equi-inclination Weissenberg photographs were taken 
around the a-axis using filtered copper radiation. The cell dimensions found were 
within the limits of error equal to those found by Ricumonp: a = 4.98 A, 6 — 
10.97 A, c=7.10 A. The cell contains two molecules Ca,Na.(CO ;)3. The space- 
group determined by Ricumonp, C!!—Amm was accepted. 

Atomic positions. It is natural to assume the existence of CO -groups in the 
structure. In all carbonates so far investigated, the CO;-group forms an equilateral 
triangle with the carbon atom at the centre and the three oxygen atoms at the cor- 
ners. According to the well-known investigation by N. Exuiorr (1937) the distance 
C—O in calcite is 1.31 + 0.01 A, and this value has been used in the present inves- 
tigation. 

An indication of the orientation of the COs;-groups may be found from the optical 
properties. Faury determined the indices of refraction to be nx (Cy "1.5381, 
n 6 (a) = 1.555, ny (6) = 1.570. Using the well-known theory of W. L. Bracg (1924) 
of the optical properties of crystals, a rough calculation shows that the trigonal 
axis of four carbonate groups probably must be parallel to the be-plane and that the 
axis of two must be parallel to the a-axis. (For a more complete discussion of the 
optical properties see p. 98). The atomic positions and symmetry elements of the 
Space group are (according to I. T. 1933): 


Cx—-Amm (000; 044) + 
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Fig. 1. The structure of shortite projected on (100). 


So it is probable that two carbonate groups occupy the positions 2 (a) or 2 (b). 
On account of the point symmetry of these atomic positions their orientation is 
fixed. It is apparent that this space group has no centre of symmetry, so we ar- 
bitrarily fix the positions of the two CO -groups at the following values of the atomic 
positions and parameters which we can easily calculate from the dimensions of the 
CO,-group. 20 in (6) z= 0.000, 2C in (b) z = 0.185 and 40 in (e) y = 0.104, 
20.210. 

Now space considerations and reflections of the types (0k0) and (001) were 
used to determine approximately the parameters of the other atoms. The final 
values of the parameters obtained from all the reflections (0/1) are: 


DANagh ie (0) 22 O11 30 

Ze Nag, vin (0) 6 2e=70.600 

4 Ca in, “(€) y= 0213e= =-0.014 

4CI in (d) ‘y= 0226, 2 == 0.148 

2 Urls ans (b) = 02185 

AOL » mn (@), y =.0:325, 20.860 

SOT im ()  # =.0230, y= 0077, 2 = 0.690 
2 OUT im. (6) 2 == 0.000 

40OIV in (e) y=0.104, z= 0.276 


A comparison of the observed and calculated intensities is given in Tables I and II. 
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Fig. 2. The arrangement of the CO3-groups in the shortite structure, projected on (100). 


No correction was made for the rotation factor in Table II. The agreement be- 
tween calculated and observed intensities must be regarded as satisfactory. 


Discussion of the structure. The structure of shortite is shown projected on (100) 
in Fig. 1. The arrangement of the CO,-groups is shown schematically in Fig. 2. 
The spatial arrangement of the oxygen atoms around the sodium and calcium atoms 
is rather irregular. The interatomic distances are: 


Number of atoms Kind of atoms Distance 
Nal 2, 4 OIL, @ IM 2.48, 3.86 
2.4 OF OsEY: 2.66, 2.92 
2, Cave DED? 
Na II 4.16 
Ca 3.56 
Na II 4,4 OL-O. UF SHON, Aye 
Diy Al OI, OIV 2.84, 2.56 
y Cul 2.94 
Ca 3.89 
Ca 2, 2 On Or 294, 2732 
21 OIL, OIL 9.52, 2.34 
I ODN. OT: 2.38, 2.50 
a rll 3.04 
Cl 1,2 OT Orn Weal, 1 
Cll IL Owl -O-TY- WB, Bil 
Ost OAV, 2.66 
OTL OI, OIV 3.24, 3.33 


Assuming a co-ordination number of eight for Na I, seven for Na II, and nine for 
calcium, we find that PauLina’s rule is well satisfied: O I 2.03, O IT 1.92, O III and 


Ova Te 
a7 


F. E, WICKMAN, The crystal structure of Shortite, Ca,Na,(CO3)s 


Weissenberg photograph of Shortite. 


Table I 


Rotation axis [100]. Zero layer line. 


Cu-K,-radiation. Comparison between observed and calculated intensities. 
Ee 
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Onsen 38 162 Siges 9.4 | } 
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v.st. st. st. mis m. 
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st. + st. w. w.t 
v.st. = very strong. st. = strong. m. = medium. 


An approximate calculation of the refractive indices of shortite from the atomic 
arrangement. W. 1. Brace (1924) has proposed a very interesting method of calcu- 
lating the refractive indices of crystals. His method is thoroughly discussed in his 
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Table IT’ 


Equi-inclination Weissenberg photograph of Shortite. Rotation axis [1 0 0}. 
First layer line. Cu-K,-radiation. Comparison between observed and calculated 
intensities. 
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original paper and in a paper by W. H. ZacuartasEn (1933). In the present, case 
the use of Brage’s method would involve laborious numerical calculations, and so 
we shall only use a rough approximation. From Fig. 2 it may be seen that we have 
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two kinds of CO;-groups. The first one is parallel to the (100) plane and the second 
one parallel to the a-axis, making an angle of 35 degrees with the (001) plane. 

We can use the well-known expression for the molecular refractivity of a com- 
pound 


Niven cei) 
° —_ «== ale 
role ma 2 oe 


where M is the molecular weight, d the density, n the refractive index, a, the num- 
ber of atoms v in the “molecule”, and I, the ionic refractivity of the atom. 

The ionic refractivities are according to J. A. WASASTJERNA (1923)7 Naz (0.74; 
Ca?* 1.99, and carbon negligible. According to Brace the ionic refractivity of oxy- 
gen may be taken as 3.30. He has shown that the CO,-group is strongly anisotropic 
under the influence of an electric field and is to the first approximation responsible 
for the high birefringence of many carbonates. 

By only taking the interaction of the oxygen atoms in the same CO,-group into 
consideration, BracG found (p. 378-79) that the ionic refractivity in the direction 
of the trigonal axis of the group was 0.815 of the normal value, whereas parallel 
to the plane of the group it was 1.17 times the normal value. 

In the case of shortite we have the problem that a field parallel to the b- or c- 
axis makes an angle of 35° with the group. Therefore we shall make the rather 
plausible assumption that the values of the ionic refractivities for directions dif- 
fering from those given above can be calculated from a rotation ellipsoid with the 
axis 0.815 and 1.17. In the direction of the b-axis we find 1.02 and in the direction 
of the c-axis 0.90. Using these values, and d = 2.63 we obtain the values tabulated 
in Table III. The agreement between the observed and calculated indices of refrac- 
tion is good, bearing in mind the crude approximations involved in the calculations. 


Table IIT 
———— ee 
Observed (Fahey) Calculated | 
n Orientation ne a Orientation | 
1.531 c 1515) | c 
1.555 a 1.545 | a 
1.570 b s 1.555 va : BD | | 


Acknowledgement. This investigation was started at the Department of Geology, 
University of Chicago. The material was obtained from the University of Wyoming 
through the courtesy of Dr A. Haagner; Dr J. Fisuer furnished much help and 
advice with the preparation of the photographs. 


Swedish Museum of Natural History, Department of Mineralogy. 


100 


ARKIV FOR MINERALOGI OCH GEOLOGI. Bd 1 ur 4 


References: W. L. Bragg (1924), The refractive indices of calcite and aragonite. Proc. 
Roy. Soc. London, Ser. A 105, 370-86. — J. J. Fahey (1939), Shortite, a new carbonate of so- 
dium and calcium. Amer. Mineral. 24, 514-18. — W. E. Richmond (1941), X-ray crystallog- 
raphy of shortite. Amer. Mineral. 26, 288, — (1941 a), Shortite, correction of space group. 
Amer. Mineral. 26, 629 (1941). — J. A. Wasastjerna (1923), On the refraction equivalents of 
ions and the structure of compound ions. Soc. Sci. Fenn. Comm. Phys. Math. I, 37. — W. H. 
Zachariasen (1933), Calculation of the refractive indices of sodium bicarbonate from atomic 
arrangement. J. Chem. Phys. 1, 640-42. 


Tryckt den 28 juli 1949 


Uppsala 1949. Almqvist & Wiksells Boktryckeri AB 


101 


Digitized by the Internet Archive 
in 2024 


https://archive.org/details/arkiv-for-mineralogi-och-geologi_ 1950 1 2 


ARKIV FOR MINERALOGI OCH GEOLOGI Band 1 nr 5 


Communicated 13 April 1949 by Lunnakt von Pos and N, ODHNER 


Caleareous freshwater sediments from northern Bohuslain 


By Ivar Hessitanp 


With 4 plates and 3 figures in the text 


a 


Table of contents 


Page 

LLITUESSG NGO GSTS: Sa nae Sper ee RICE ER HEED ae aca g NE, TUR Ng eR Say keane etna Pema cs aN 103 
Oopeeentne, Gdletnn, COLDONGLE ses ogc tn sc sct UE ee 105 
Barr Mr SACL ENC CHOCR Sa ec tige That PEE ce Pee ee Oe ee, SATU CLaS 108 
ore snont ube. pollen (diagranist iain dusts One datien UN Fel, . ta i b. dies at 108 
Prenor pucnsrolguhiee localibios .duactek vieis Ochad mite, Leepnde, «Se Meets FA ion ans, dee 110 
SET Hine lecraee ile atthe, alte “a ole pc ath ern Wes Guid wy oR wicks erareha aside oc bali eon 112 

JI Mayers oysote bad ll bs aiS sia a ae eee a er ai Ni hg Na. ei ine oes ani once ne abun 113 
ENGIN TUEI6 loin. cer Baia kta ani aemeare ep. Ain aeinanie eeeIesial Sa eh IEA Abe elm el Ms Re ie eg ak 115 
CATS tad geen sete Sey aise a Aes RR AEE PES UPR Lahm ray eT bats 117 

IRE o) oN once Aa Aa nae Cr OEE RTs eee ee ee ee Lee ne 122 
IBPREHAR UG ONA, Sig omen Cte y CSOD RT Eo Cnet ee Un ek | CI i - e N Eual vat anit 124 

TSI AYERS (6720018 ld eA SHES AS Coens CARRE ON CUT i RT me OR We Is IN elie cea deli 127 

SS. GULVAlll Orn Masser: teserencr etre eens Tene ceE  STn Pag OE ere SRN Ment See Bae RUN Se ORL Ee | 131 

EV SORPCASb Ste tA MOa es Ee tet ea Sa SIE octet Caled SGT | ARR RN? Ste iat gine) ce 134 
SOTA ALOT ane ced fe eens enter eh Weed RA aK Ae Bi a elt eh A dd hE nou wag Dean 136 

LO SROTVC amar Baractenst RoROe city tcak sds He yop ent nen Polen Sven ixaho Sh seh aici OAs MG E dousy si Gees dee Mts 138 
Survey of the constituents of the shell-bearing sediments............-+.e0eeceeeeeeee 14] 
Calcium carbonate, and minerogene and phytogene components................... 141 
IDIishEIpULONTOle molkusc shollass 5 spc aa Joes et na arte nena eye ea en) ned 142 
Disiribuviongolcostracod eshells yim Aree eee ener Ree Me ees eine hl 148 
Ochorgrresh waters orga 1S1anS Axe ody oy. ha tiated cortee trokiysi antes Sch. Speed PAs vd ecu nvenste nea saa 150 

NUE ECENSERERON ILS all CORP CS TORE MRO LU Oe Ie Ro eam Ng iE ny ile nailing! Seek DIA CAIN ois by Dura ill is 150 
Chintaticnovidencestor whe wtaumesn «56 vances te aire See ae ee 156 
NAUTICA CTS  oid cuarncke mn Gitte oIlOe) Bini Ran Ri yeti ct et ee rt ae eT eave ee Ansa 161 
PN SHOW LOGO OLMCTUL Siaeee rennet: i PRE. 20, hss St aie Sine CBO aks: Sey BE eet ae den rN 162 
UNGiEIRETOCES Bon ole Bio LORNA OI ee Dorie one Oca RI OC Ey a er ee ree ae 163 
LVS SUE BAENGTEP AGES OH EMXSRT alehuseec BINS Oe OEe OIP Coe Ene oh sie CROIET NC Da ch UNE ic SR Ney ree eae 166 


Introduction 


The Quaternary marine shell deposits of northern Bohuslin are well known both 
to zoologists and geologists since long ago. They have been investigated on several 
occasions, and have often been discussed in connection with questions of Quaternary 
geology. The shell-bearing freshwater deposits of this district, on the contrary, have 
attracted only little attention in spite of the fact that they are not very rare.) 


1 ANDERSSON (1893, p. 35) and SANDEGREN (SANDEGREN-JOHANSSON 1931, p. 119) mention 
two shell-bearing calcareous freshwater deposits from southern Bohuslan. Some few molluscs 
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The shells occur in calcareous sediments. Some of the deposits were observed at 
the peat soil investigation performed by the Geological Survey of Sweden (v. Post 
1923). At least 6 calcareous freshwater deposits in northern Bohuslin became known 
as a result of this investigation (LUNDeVvIST 1925, Fig. 31). In the years 1937-1939 
I had the opportunity of examining 11 deposits in this part of the province. Hight 
of them are situated in the parish of Kville, 2 in Tanum, and 1 in Skee (Fig. 1). 
They are situated within the range of 65—118 m above the sea. They were accumul- 
ated during the later part of the Finiglacial period and the first part of the Post- 
glacial; one of the deposits is somewhat older than the bulk (entirely Finiglacial) 
and one somewhat younger (most probably referable to the later half of the 
Ancylus period). 

The method employed in the examination of peat soils by the Geological Survey 
(linear registration of peat soils >5 hectares; the researches limited to areas situated 
within a distance of 5 km from the nearest railway, harbour, or waterway) does not 
permit a complete knowledge of the frequency of the calcareous freshwater sediments 
of the district. As my investigation is also not complete, it is accordingly rather 
probable that more such deposits occur there. 

The chief aim of my investigation was to study the occurrence of subfossil molluscs 
in northern Bohuslaén. In addition, the research came to include some other groups 
of animals, especially ostracods, which, next to molluscs, are the most abundant in 
these deposits in species as well as in individuals. No other group is so numerously 
represented by far as molluscs and ostracods. Now and then, however, eggs and 
cocoons of Turbellaria rhabdocoela, cocoons of Oligochaeta, ephippia of Daphnia, 
statoblasts of Bryozoa, fragments of chitin from Insecta, and fishbones may 
be found. 

In order to obtain an idea of the vegetation of the ancient ponds, I have also noted 
the occurrence of certain plant remains, viz. seeds of phanerogams and oospores of 
Charophytes. Like the animal fossils, the plants are certainly autogene. In many 
respects it 1s important to have a knowledge of the higher vegetation of the ponds, 
on which a great many animal organisms, not least molluscs, but also ostracods and 
others depend. (Again, the vegetation must be influenced by several elements 
produced by the vital processes of these organisms, such as carbon dioxide, phos- 
phorus, nitrogen, and other excretory products.) Additionally, the higher vegetation 
is not without importance to the precipitation of calcium carbonate in lowering the 
CO,-pressure which causes calcium bicarbonate to be transformed into neutral 
carbonate. 

The percentage of phytogene substances in the fraction < 1 /2 mm was established 
in order to obtain an idea of the nourishment in the water of the ancient ponds. 
These substances include not only detritus from the macro-vegetation but also 
remnants of the micro-vegetation. A more detailed examination of the phytogene 
particles was not made, however. 

Two further components of this fraction were analysed, viz. the percentages of 
calcium carbonate and minerogene particles, both of which have influenced the 
development of the ancient fauna and flora. 

Lack of resources has rendered it impossible to analyse important chemical el- 


were found. ANDERSSON referred his locality to the so-called oak period. Judging from a pollen 
diagram (SANDEGREN-JOHANSSON 1931, Fig. 43) the shell-bearing section of the second deposit 
is referable to the earliest part of the Postglacial period (the A° in the upper part, the C° in the 
lower, the BM obviously somewhere below). 
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ements in the stratal Sequences, such as phosphorus, sulphur, potassium, and nitrogen. 
Curves of the distribution of these elements in similar sediments are presented in 
MuntHe—Hepe—v. Posr'1925 A (Fig: 69). 


The material was collected in the years 1937-1939. The laboratory investigation 
of one locality (Kalstad) was made in 1937 but was completed at the examination 
of the remaining localities in 1944. 

The pollen analyses were performed in 1947 and 1948, hence the results of the 
investigation could only be published now. 


Origin of the calcium carbonate 


It may seem remarkable that calcareous freshwater sediments are relatively so 
frequent in such an area as the one now considered where the bed-rock practically 
exclusively consists of granite and gneiss. As appears from a map showing the oc- 
currence of calcareous freshwater sediments in Sweden (Lunpevist 1940, p. 11), 
these are situated for the most part within areas with calcareous rocks or calcareous 
glacial deposits. From another map (Lunpavist 1925, p. 117) it appears that the 
southern part of the district investigated consists of »less calcareous» soils. In the 
northern part of the district the soils are indicated as non-calcareous. 

The calcium carbonate might be expected to be derived from calcareous glacial 
deposits transported from the Cambro-Silurian region of south-eastern Norway. 
The ancient date of the calcareous freshwater sediments might indicate that they 
were formed by the leaching of such deposits. This process should thus have begun 
rather soon after the elevation of the land above the sea level, and the calcium 
carbonate should have been used up at such an early date that there was nothing 
left for formation of calcareous freshwater sediments during the later part of the 
Postglacial period. 

However, the calcium carbonate of the calcareous freshwater deposits of northern 
Bohuslan does not seem to be of this origin, except possibly to a small extent. Fig. 1 
shows the position of the deposits in relation to the Cambro-Silurian region of 
south-eastern Norway. The direction of the glacial striae in the southern part of 
the area investigated — the district covered by the geological map Fjallbacka — 
indicates that the main part of the glacial deposits originate from areas devoid of 
calcareous rocks. However, a few NNW—SSE striae give some slight support to 
the alternative that calcareous boulders have been transported by the Ice from 
Norway. According to Dr Grxr (1902, p. 32), the striae in the outer islands of the 
northern part of the area — the district covered by the geological map Stromstad — 
have a “tendency to the south” in comparison with the striae in the inner part of 
the district, a tendency, which “is apparently influenced by the Ice which forced 
its way out from the valley of the Kristianiafjord”. The direction of the striae in 
the Islands of Koster is ‘‘N 35° E with deviation from 5 to 10° to each side”. Dr 
GEER is of the opinion that drift boulders from the Oslo region have been transported 
here exclusively by icebergs (op. cit., p. 57). How the transportation of calcareous 
boulders to northern Bohuslaén has taken place is, however, questionable, but a 
definite answer to this problem is of no decisive importance here. Let us instead 
examine the distribution of the Cambro-Silurian drift boulders in this area. They in- 
crease northwards and towards the coast. There is also an increase northwards of 
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Kville + 


100 km 


Fig. 1. Map showing the position of the N. Bohuslan caleareous freshwater deposits investigated 
here (black dots). Black areas = the Cambro-Silurian of SE. Norway. Direction and frequency 
of ice striae indicated graphically (compiled from Dr GEER 1902) 
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essexite and other igneous rocks of the Oslo region.! However, those parts of northern 
Bohuslan where the frequency of calcareous boulders is greatest, 1. e., in the north 
and the west, are very poor in calcareous freshwater deposits. Such deposits are, on 
the contrary, fairly common in the south-eastern part of the district, where the tre- 
quency of calcareous boulders is least. The reason for that might be suggested to 
be that the calcareous boulders in the latter area have been dissolved and the calcium 
carbonate transformed into calcareous freshwater sediments. An objection against 
this is that the leaching of the calcareous boulders in the northern part of the district 
should have resulted in the production of still more calcareous freshwater sediments. 
That processes of leaching really have taken place there, may be seen from the fact 
that originally calcareous Gotlandian limestone boulders have been leached out in 
such a degree that only a porous minerogene mud-stone remains. However, calcare- 
ous freshwater sediments are rare within this area. 

On the other hand, Cretaceous boulders might be expected to be the source of the 
freshwater calcium carbonate. Danian chalk attached to flint boulders, and boulders 
of so-called Saltholm limestone can be found rather often along the coast (also cf. 
Wiman 1912). The frequency of such calcareous boulders decreases towards the 
north and in all directions away from the shore. This fact and also their scarcity, 
exclude the idea that they should be the parent substance of the freshwater calcium 
carbonate. 

On account of its scarcity it may be denied that calcite in fissures (LIUNGNER 
1927) should constitute the parent substance. 

The freshwater calcium carbonate is certainly derived from Quaternary shell- 
bearing marine deposits. As a matter of fact, all the calcareous freshwater deposits 
examined are situated close to such layers. They are generally underlain by shell- 
bearing marine clays with a high percentage of calcium carbonate, and shell beds 
are often situated in their immediate vicinity. The number of shell beds in the 
southern part of the district (the Kville parish) where the calcareous freshwater 
deposits are more numerous than elsewhere in the district is very great; marine clay 
sediments rich in shells are also very common (cf. the above-mentioned maps by 
Lunpevist). Additionally, the shell beds are often of large size, as for instance that 
at Hjelpedsten. In certain cases, such as at Kalstad, parts of the shore of the 
ancient pond were identical with the former shell-bearing sea shore. 

The idea that the calcium carbonate of the freshwater layers is derived from Qua- 
ternary shell-bearing deposits is supported by the fact that shells of small marine 
species, especially Ostracoda and Foraminifera (chiefly Elphidium spp.), and also 
fragments of larger marine shells (especially Mytilus edulis L.) are embedded in the 
freshwater layers, above all in their bottom parts. The locality Klingseréd I is an 
example of this. Balanus shell plates occur there in the three bottommost samples, 
and fragments of Mytilus and shells of Elphidium, these being more mobile, in the 
seven bottommost samples. 

As just mentioned, the calcareous freshwater sediments in northern Bohuslan 
are referable to the later part of the Finiglacial period and/or the first part of the 
Postglacial. No later calcareous freshwater sediments have been observed there, 


1 As a matter of fact, rhombporphyry boulders are rather common in the whole of the coastal 
region. These blocks are of local origin to a large extent, originating from the well-known rhomb- 
porphyry dike which begins in the Oslo area and continues southwards through the whole coastal 
zone of northern Bohuslan. Essexite and allied rocks, however, do not occur in the dike; accord- 
ingly such boulders must originate from the Oslo region where they are common. 
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nor has any recent precipitation of calcium carbonate in lakes or ponds been noticed. 
In several cases non-calcareous freshwater sediments are being formed close to 
marine shell beds. 

It is difficult to trace the reason for this phenomenon. Within other Swedish 
provinces Lunp@vist has observed that the process of leaching of calcium carbonate 
is apparently confined to certain periods (1925, p. 114). The leaching process ceased 
as the stores of calcium carbonate were emptied. However, Lunpevist states 
(1940, p. 16) that precipitation of calcium carbonate has ceased also in areas with 
calcareous rocks, and, further, that the sediment in certain lakes is non-calcareous 
in spite of the fact that the water is highly calcareous. He adds that the reason for 
these remarkable circumstances is not known. The failing precipitation of calcium 
carbonate may, however, be due to the fact that soil acidity has increased as a con- 
sequence of an increased production of humus substances. In Gotland lakes there 
is a narrow non-calcareous sedimentary zone just off the shore where it consists of 
peat (Lunpevist 1940, p. 14). This is considered by Lunpavist to be caused by 
humus acids. 


Material and methods 


Heights of the localities above the sea were measured with an aneroid barometer 
(PAULIN system). 

When possible, the material used for examination was taken from the walls of a 
pit, dug through the sequence of strata. Samples were also taken by the use of a 
can-auger. 

The material preserved in dry state was dispersed by means of dilute peroxide of 
hydrogen before the laboratory examination. Particles < 0.5 mm were detached. 
This fraction, hardly containing any shells or fruits, was not analysed with regard 
to these components. ' 

The percentage of calcium carbonate was ascertained by treatment with dilute 
hydrochloric acid. The content of plant substances was established by boiling in 
peroxide of hydrogen (15—20 per cent) during a period of 3—4 hours. 

In those cases when sediment pillars through the whole shell-bearing layers were 
parted and examined quantitatively, the data of frequency have been illustrated 
graphically by distribution curves. These are constructed on the basis of histograms, 
made in accordance with current methods. As known, the principle of histograms 
is based on the fact that frequency is represented by surface units. 

The datings are based on pollen analyses. 


Notes on the pollen diagrams 


The pollen analyses were only made in order to date the shell-bearing freshwater 
layers. The diagrams will not be discussed here from a special pollen-analytical 
point of view. This would be to precede such a far-reaching discussion by Dr. M. 
Fries who is elaborating a comprehensive series of diagrams from middle Bohuslan 
and adjacent parts of Dalsland. In this connection, only the leading principles of 
Cen followed here are briefly commented on and some notes on the vegetation are 
made. 

v. Post (1947 A), in his extensive N. Halland investigation, attached great im- 
portance to some pollen-statistically characterized levels, especially the A® (“the 
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beginning of the rising Alnus curve’), the 0° (“the beginning of the rising hazel 
curve’), and the BM (‘‘a great and distinct Betula maximum, the frequency generally 
exceeding 80%”). They appear in the sequence BM—C—A?, 

The BM was developed 100—200 years before the year 0 acc. to Dr GrrEr’s time 
scale (v. Post 1947 A, p. 210), thus about 6800—7000 B. C. 

The A® is referable to about 6300 B.C. (cf. Frorin 1944, Pl. IX). 

In the present diagrams the Betula curve, as a rule, forms two maxima; in the 
locality Fléghult which is situated more to the north than the majority of the 
localities only one maximum is developed which certainly corresponds to the BM 
aces to’ Vv" Post. 

The upper maximum generally appears somewhat below the (© but it may 
also be practically simultaneous with the C®. The Betula and Pinus curves cross 
each other or approach very closely just above the upper Betula maximum. The two 
maxima are separated by a distinct and fairly broad and regular concavity in the 
Betula curve. The lowest point of this concavity falls 30-40% lower than the 
maxima, and the Pinus and Betula curves are closely approached or cross each 
other at that level. The upper maximum can be practically equal to the lower 
one (cf. Askeréd, Klingseréd II, and Rabbalshede) but it can also be smaller (Kling- 
serod I and Kalstad). At Klingseréd I, Klingserdd II, and Askeréd which are 
situated about 100, 97 and 99 m resp. above the sea the lower maximum appears 
just at the marino-limnic boundary, or a few centimetres below this level. At Kal- 
stad and Rabbalshede which are situated about 89 and 94 m resp. above the sea 
the lower maximum appears somewhat deeper (35 and 45 cm resp. below the 
marino-limnic boundary). 

The great lower maximum at Klingserédd I (level 501) seems to be that which 
corresponds most closely to the BM. It is even more difficult to judge whether 
this applies to the lower maximum of the other localities. However, the posi- 
tions of the maxima in the stratal sequences of the above-mentioned localities in 
relation to the heights above the sea of the respective marino-limnic boundaries 
support the idea that, in fact, it might be taken for the BM. The datings here 
are made in accordance with that; however, the distinction is of little practical 
importance, the age difference being small (cf. diagram p. 111). It is hoped that 
the significance of the maxima will be considered at further investigations by other 
students. At any rate, they seem to be synchronous levels (though the upper 
perhaps only of local importance). The upper maximum is here called BM*”: and 
the lower BM’. 

As seen in the Floghult profile a distinct Pinus maximum appears somewhat below 
the BM. It may correspond to v. Post’s Pm’, as also held by him in a discussion; 
according to v. Post the Pm was developed at the Y IV stage of the Baltic cor- 
responding to the development of, inter alia, the Brattforshed in eastern Varmland. 

Concerning the Alnus curve, this one generally begins with low values before the 
great rise. 

Corylus forms a distinct Boreal maximum in several localities (Kalstad, Stuvangen, 
Branstaby, and Hjelpedsten), but in the other localities the maximum is low or 
scarcely discernible. These latter localities are situated somewhat more eastwards; 
also in the northern Fléghult profile the Boreal hazel frequency is low. 

The continuous mixed oak wood curve begins above the A® for the most part, 
but it also begins fairly often contemporaneously or somewhat below. 

The beginning of the continuous 77lva curve was ascertainable in several localities. 
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It generally appears at about the great rise of the Alnus curve or somewhat later. 
The T° is referable to about 5100-5000 B. C. in eastern Middle Sweden acc. to 
Frorin (1944; Pl. [X). There is some uncertainty with the dating of the 7° on the 
Swedish west coast, however, as communicated verbally by Prof. v. Post. 

Pollen grains of mixed oak wood trees as well as of Alnus and Corylus appear, 
partly rather abundantly, below the BM”, even in sediments deposited just off 
the retiring Ice border (Hesstanp 1949). These grains are obviously xenogene. 

A few notes may be made cursorily as regards the occurrence of some other types 
of pollen. 

Hippophaé occurs in all localities, partly abundantly (Fléghult maximally 20% 
of the AP pollen). The highest frequency most often appears somewhat above the 
marino-limnic boundary, but the frequency may also be high just below this boundary. 
The species generally seems to have disappeared before the A°; in two localities, 
however (Rabbalshede and Fossane), scattered pollen grains were found even around 
the 7°. 

Contemporaneously with the appearance of Picea the Ericacean pollen frequency 
was greatly increased, as observed at Fléghult; a so-called recurrency surface was 
developed at the same time. 

Pollen grains of terrestrial herbs occur in generally rather small numbers. They 
are referable to Compositae, Ranunculacew, Rosaceex, Caryophyllaceze, Umbellifere, 
Chenopodiacew, and Polygonaces. Pollen grains of the following genera were ob- 
served: Plantago, Artemisia, Rubus, Drosera (Fléghult, 797-803), Epilobium (cf. 
angustifolium), Rumea (ct. acetocella), Galium, and possibly Helianthemum (Klingse- 
rod I, 556). 

The frequency of Artemisia which is considered a characteristic component of the 
open soil vegetation appearing just after the retreat of the Ice has been reproduced 
separately in the diagrams. It sometimes occurs rather abundantly before the 
BM"! but appears only sporadically thereafter. It disappears or has a low frequency 
during the Betula maxima. 

Concerning the remaining species only their sum frequency is reproduced. 

The occurrence of the aquatic plants NV ymphaea alba and Myriophyllum alterni- 
florum has been given separately. The greatest frequency of Nymphaea appears, 
as a rule, in the non-calcareous coarse necron mud above the shell-bearing fresh- 
water layer (maximally about 50% of the AP pollen), but it also can be frequent 
in the shell-bearing sediment. Some pollen grains (obviously in a secondary position) 
are generally also found in the upper part of the marine clay. Myriophyllum pollen 
grains are more abundant in the shell-bearing freshwater layer (maximally 82%) 
and occur only occasionally in the coarse necron mud. Secondary Myriophyllum 
pollen grains also occur in the uppermost part of the marine clay. 


Descriptions of the localities 


The situation and the extent and stratigraphy of the deposits are mentioned. 
The stratal sequence is chiefly the same in all the localities. The substratum is shell- 
bearing marine clay (sometimes intermingled with sand). Above this stratum is 
often a thin layer of yellowish lagoon clay; sometimes the marine layer is overlain 
by a thicker non-fossiliferous stiff grey clay (Fossane). Thereupon follows the shell- 
bearing freshwater layer which is more or less calcareous. It may be a greyish calcare- 
ous necron mud or a whitish lake chalk. This is overlain by non-calcareous coarse 
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necron mud which, in turn, continues in deciduous fen-wood peat. This is succeeded 
by Sphagnum peat. 

Some abbreviations as regards boundaries in the stratal sequences have been used 
in text and diagrams. MLB stands for the marino-limnic boundary and LTB for 
the limno-telmatic boundary. The lower boundary of the shell-bearing freshwater 
layer is called S J and the upper SJI. ST is practically identical with the MLB. 
SIT is the boundary against the non-calcareous coarse necron mud. 

It happens that there are differences in thickness of the shell-bearing freshwater 
layers in the pollen diagrams and the other diagrams. This is because of the fact 
that the pollen samples could not always be taken at exactly the same point as the 
other samples had been taken about 10 years earlier since these areas were under 
water on account of heavy rains. 

The quantities of the samples examined as well as the percentages of calcium 
carbonate, phytogene substances and minerogene particles in the fraction < 0.5 mm 
are given. The composition of the fauna is recorded under the heads of “‘Ostracods’’, 
“Molluses”’, and “‘Other freshwater organisms’, respectively. Marine organisms in 
the freshwater sediment are mentioned under the head of “Marine organisms’’. 
Finally, accounts of observations of the vegetation are given. 

The origin of the calcium carbonate and the procedure of dating are discussed. 

In those cases where the data of frequency are not given as a per cent, they refer 
invariably to a quantity of 100 g sediment (dry state). 

As for nomenclature, I follow, regarding 


AIDOU LETT Cae OM Eanhey end eaabetes Aral epee HYLANDER 1941 
EMOMOCEPACOCSE yA trie 1k el ce ox Ps G. O. Sars 1922—1928 
PELE RULOUIUISO SEL ee Png hah) ca radlgy EHRMANN 1933 


The authors of the species are mentioned in the chapter “Survey of the consti- 
buendts 2.5 28(ps 142° £.). 
The age of the localities is indicated in the following scheme: 


Pm BM"! © Ae 
Buse. 


Fléghult (118) RoR. ABest 
Klingseréd II (97) pete’ s) 
Askeréd (99) endian aes 
Kalstad (89) | — 
Rabbalshede (94) ie 
Branstaby (90) laa 
Klingseréd I (100) see ies 
Stuvangen (65) clea 
Hjelpedsten (68) —— 
Korndalen (71) aS 
Fossane (77) 


The figures in ( ) are referable to the height above the sea, 
The significance and age of the Pm!, BM’, BM*”-, O°, and A° appear from the 
discussion of the pollen diagrams, p. 108 f. 
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Fléghult 


Skee parish: from the innermost part of the Idefjord N 75° W, 4.1 km; soil surface 
118 m above the sea. 

This shell-bearing deposit was observed during the research of peat soils by the 
Geological Survey (v. Post 1923, map no. 61, locality no. 13). The sequence of 
strata 1s described in this work. 

The freshwater calcium carbonate may originate from the underlying shell-bearing 
clay, but possibly also from shells in other marine beds in the vicinity, such deposits 
being not uncommon. 

The calcareous necron mud is about 25 cm thick and is situated 5.60—5.85 m below 
the peat surface. 

It is superimposed by a thin layer of non-calcareous necron mud (about 25 cm), 
which in turn is overlain by fen peat (2.35 m) and Sphagnum peat (3 m). 

A sample of 73 g weight was taken up with a can-auger. The content of calcium 
carbonate of the sample amounted to 9 per cent and the content of phytogene and 
minerogene particles came to 10 and 81 per cent respectively. 


Fauna 


Ostracods. One shell belonging to the genus Candona was observed. 


Molluscs. The frequency of shells is 190 per 100 g sediment. The shells are refer- 
able to the following species (percentage distribution): 


ISUCCHIION “Bove otter ee te 4 
LUI GNED  OUOLU ean td, a eee ee 10 
» QUI CULOTUD age Ae ae 2 
Stagnicola palustris ............0.0004. 3 
GurGUlus OTCHOUS ok) 52s. ee ee 66 
CAT INIGCTRCTISIC © ate tee nee ee 1 
PAS UU SOD athe cee oi eee 14 
» HALON cnet te Be ee (12) 
» OULUESG Lenser cate tert te (2) 


Other freshwater organisms. One cocoon of Dendrocoelum cf. lacteum. 
Marine organisms. One shell of a juvenile specimen of Hydrobia and some frag- 
ments of Mytilus. 


Vegetation 


Fruits exclusively belonging to the genus Potamogeton were observed (P. pectinatus 
6; P. natans 6; and P. praelongus 3). 


Oospores of Charophytes are pretty common. They are partly encrusted with 
calcium carbonate. 


Age 
Pollen diagram Pl. I, Fig. 1. 
The BM is distinct, occurring exactly at the top of the shell-bearing layer. 


Below the BM (at the MLB) there is a distinct Pinus maximum which may 
correspond to the Pm (cf. p. 109). 


The shell-bearing stratum may thus have been formed when the Ice receded from 
the Bergslagen to Jamtland, i.e. during the later part of the Finiglacial period. 
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Klingseréd_ II 


Kville parish: from the Rabbalshede railway station N 35° E, 3.4 km; soil surface 
97 m above the sea. 

The shell-bearing layer consists of calcareous necron mud and lake chalk (maxim- 
ally 50 cm thickness). It is overlain by coarse necron mud (30 cm) and underlain 
by blue clay including numerous marine molluscs. 

Immediately above the MLB there are abundant macro-remnants of plants. Next 
upon this layer follows almost white lake chalk with a high percentage of calcium 
carbonate (Pl. IIT, Fig. 1) and numerous shells and remnants of plants. 

The freshwater calcium carbonate may originate from the above-mentioned 
shell-bearing clay and from other shell-bearing marine clays in the vicinity. 

For analyses a pillar was dug out from an exposed profile and divided into the 
following 4 samples: 


Sampleno. Height Weight 

4 14 cm EST ao: 

3 12 » 105.6 » 

2 12 » NCBIS 

iL Th Say 108.0. » 
Fauna 


Ostracods. One single shell of an ostracod referable to the genus Candona was 
observed in sample no. 1. 


Molluscs. As appears from Pl. III, Fig. 2, the frequency of shells increases up- 
wards; the maximum with about 7000 shells per 100 g sediment was reached just 
below the S JI. 

Valvatidae and Planorbidae dominate among the mollusc families (PLL Rig: 
3). The former attains a very distinct maximum just above the MLB and another 
immediately below the S ZZ. In the middle of the layer the frequency is low. On 
the contrary, the family Planorbidae is characterized by an important maximum 
exactly in this section. The families Sphaeriidae and Lymnaeidae are more rarely 
represented. Sphaeriidae has a rather even frequency throughout the whole layer; 
Lymnaeidae attains a small maximum in sample 3. The families Physidae with 
Physa fontinalis and Ancylidae with Acroloxus lacustris are represented in small 
numbers. The table below gives their percentage frequency: 


| Mee 
| EU SCRMONUCILA LU Gime reheat Gu osienios el ore = il | 1 | J 
| PA CTOLONUSHIACUSETIS em inne ne rae ie | ae = 2 1 | 


The family Valvatidae is represented by two species, Valvata cristata and V. piscr- 
nalis. The former is the most abundant. The maxima of the two species coincide, 
viz. immediately above the MLB and just below the S JJ. As illustrated in Pl. Lhe 
Fig. 4 the minimum of Valvata cristata comes before that of V. piscinalis. The family 
Planorbidae is represented by Gyraulus arcticus, Gyraulus albus, Armiger crista 
(f. typica and f. nautilea), and Hippeuthis complanatus (PI. III, Fig. 5). Armiger 
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crista is the dominating species among those having important maxima both in the 
bottom and the top of the layer. Hippeuthis complanatus occurs, likewise, through- 
out the whole layer, but reaches its maximum in sample 3. Gyraulus albus occurs 
in the three lowest samples. This species has its highest frequency in the middle 
of the stratum. 

The family Sphaeriidae is represented by Sphaerium corneum and by species be- 
longing to the genus Pisidiwm. The following table indicates their respective per- 
centage shares in the total number of shells: 


1 | 2 | 3 | 4 
IS PNGerIUMmCOTNeUnNl wae see soe. soe | 3 | 3 | i | 1 
JEUSHUTD GD. oc noo c Bue rs Roe | = oF 1 ae | 


The distribution of the Pisidiwm species is shown in Pl. III, Fig. 6. P. nitidum, 
P. milium, and P. obtusale occur in considerable numbers through the whole layer. 
Furthermore, these species show a great conformity in their representation; they 
have maxima in the lowest as well as in the topmost section of the stratum. In this 
respect they are reminiscent of the two species of Valvata in this deposit. P. milium 
is almost exclusively represented by the variety unioides; P. henslowanum which is 
completely absent in the other samples is abundant in sample 3. P. hibernicum and 
P. lilljeborgi occur only in small numbers. They are, however, represented through 
the whole layer, reaching their maximal frequency in the lower part of the bed. 
P. subtruncatum is absent in the uppermost sample. This species has a rather even 
frequency in the other parts of the stratum. 


Other freshwater organisms. In sample no. 1 a single cocoon of Dendrocoelum cf. 
lacteum was observed; in nos 1, 2, and 4 statoblasts of Cristatella cf. mucedo; in nos. 
1 and 4 chitin of insects; and in no. 3 remnants of fish skeletons. 


Marine organisms. Especially in the bottom sample, rather many marine species 
were observed (Mytilus edulis, Cardium edule, Hydrobia cf. ulvae and Balanus cf. 


balanus). Species of Elphidium occur even as high as in the second sample from the 
top. 


Vegetation 


Remains in considerable numbers — especially vegetative components — of the 
obviously abundant vegetation in the ancient lake have been preserved. Seeds of 
the following species were observed. 


1 2 3 4 
Potamogeton obtusifolius .......... 5 = = 2 
» (QIOOOMOS ss onnogcces a= > 
ISCinpuUs MlACUSIncs een ne: 2 5 8 = 
Carex cf. hornschuchiana.......... = = I = 
» is) QI eed ue Mri Gasaes e ORS Ore Ora, eee = — 4 = 
IROOM SNS soc bce sderancaacks a= il == = 
IN oo noaKetey CHA, 6s n6oo6onneonnaes = = 3 = 
Comarum palustre................ = 1 = 1 
Menyanthes trifoliata............. 2 
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Gramineal seeds were observed in the samples 1 and 3. 


Oospores of Charophytes are common in the bottom sample and rather common 
in the others. They have no calcareous covering. 


Age 

Pollen diagram Pl. I, Fig. 6. 

The BM*”- and the C® were developed during the latest part of the formation 
of the shell-bearing layer. The 4° appears somewhat higher. The sedimentation 
of this stratum had begun contemporaneously with the appearance of the BM*.. 

The layer was thus accumulated during the transition from the Finiglacial to 
the Postglacial period. 


Askeréd 


Kville parish: from the Rabbalshede railway station N 50° E, 2.9 km; soil surface 
99 m above the sea. 
The calcareous freshwater layer is included in the following stratal sequence: 


ToDecidnous. fen-wood ,peaty ......<...07. Dee 180 cm 
2. Coarse non-caleareous necron mud ........ 65" 
3. Calcareous necron mud with shells ....... YS). 
4. Shell-bearing sandy, marine blue clay. 


The freshwater calcium carbonate certainly originates to a large extent from the 
shell-bearing clay, but also from other shell-bearing marine sediments situated some- 
what N of the freshwater deposit. 

Three samples were taken up with a can-auger: one from the upper part of the 
shell-bearing layer (no. 1), and two others from its middle part (nos. I and II). The 
weights amounted to 122, 58, and 196 g respectively. 

The percentage frequencies of phytogene and minerogene particles and of calcium 
carbonate were as follows: 


Phyt. Min. Calcium 
comp. comp. | carbonate 
SauEeup em lie eet pepe cota. atom Ge seeais 6 14 80 
| Deemer LPR aia Pee ee ise outuatalere 9 31 60 
» Usb prone coos erie s 11 3) 80 


Fauna 


Ostracods. Shells of ostracods are very rare; two shells only, belonging to the genus 
Candona, were observed in sample no. 1. 


Molluscs. The frequency of shells was: 


Dakine ea timed wre tar one: A Sk ee eee re Corian s 2140 
» DoD LEONE IR: Se, Tera irre ed rae 3260 
» N) ad ey iain tron ct on rae mag cosy Ree ay 2220 
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The percentage distribution of the species was: 


i iat I 

ISUECUN EES Dea mmcerene tani ere = == — 
LYMM ACHMOUAIG nen aren ieee 2 I 2 
» CUNLCULUTIO oe ieee ae = = a5 
Gyraulus arciicus............-. 30 46 19 
» GUOUS err hue rr eee cieue = ae =F 
PATINUG CICS) Ore ae ee er 27 39 19 
Hippeuthis complanatus ........ 2 1 6 
TACTOLORUS ACUSUTUS ane ree 2 | 1 2 
Valvataxcrisiata ae eee Il 2 16 
» PUSCUNONUS eras si ae nie + == a 
IPUSHCMUITD:. SO Dons oo obo ce aba Owe | 26 10 36 
>» Nitidum oo. cee eer ea ee (5) C2) es) 

« LIM AOORYE 660680665060 ( 2) (1) ( 3) 

D MUO occ B26 Se ace 6 8c (C2 (2) (10) 

» subtruncatum......... Cd cts) € 2) 

) DOWSOUS 3 oh NASB don 6 (11) ( 5) (10) 

» WAOETNICUTI wee oo we = (==) € 2) 

» Spee ee ea (ae) _ (as 


Pisidium milium is represented by the variety wnioides to a great extent. The low 
frequency of Lymnaea ovata is remarkable. 


Other freshwater organisms. Statoblasts of Cristatella cf. mucedo occur in the 
numbers of 2, 17, and 20 in samples 1, I, and II, respectively. Eggs of Turbellaria 
rhabdocoela were observed in samples 1 and IT; cocoons of Chaetogaster sp. in no. IT; 
and remains of fish skeletons in no. I. 


Marine organisms. Fragments of Mytilus and Balanus as wellas shells of Elphidium 
were found in samples nos. I and IJ. A shell of a juvenile Littorina littorea occurred 
in no. I. No marine organisms were observed in no. 1. 


Vegetation 


The sediment is characterized by abundant phanerogamous remains. Seeds of 
the following species were discerned: 


Potamogeton natans ............ 
» gramuneus ........ 

» PIACLONGUS ~ anne 
SCULDUSMIACTISITIS ean eel. ela: 
» THOTUATIVUS Montane ie ae eek 
COTA ORB outs a HOM 
Nymphaea alba 
RANUNGULUSE SO wae n rai 
| Menyanthes trifoliata 


Trey Pacer tore 
| | | meee | ie 


Oospores of Charophytes occur rarely in all samples; they have no covering of 
calcium carbonate. 
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Age 

Pollen diagram Pl. J, Lt, 9. 

The BM*”- appears in the upper half of the shell-bearing layer which, judging 
from the appearance of the sediment, may have accumulated rather rapidly. The 
C® is about contemporaneous. The A° js situated far higher up. The bottom part of 
the layer was developed at the same time as the BM*., 

The layer was thus formed during the transition from the Finiglacial to the Post- 
glacial period. 


Kalstad 


Tanum parish: from the Tanum church N 45° E, 4.8 km; soil surface 89 m above 
the sea. 

This deposit of calcareous freshwater sediments is the most important observed 
within the area examined. It includes about 2 hectares. The sediment consists of 
calcareous necron mud and lake chalk. The thickness amounts to 60-95 cm. It is 
overlain by coarse necron mud (about 25 cm in thickness) and deciduous fen- 
wood peat which is under cultivation at the present day. 

The calcareous stratum is underlain by shell-bearing marine clays. In the im- 
mediate vicinity there are also some other shell-bearing marine sediments. The 
shore of the ancient lake in the south and the south-west consisted of shell-bearing 
sea sand. Additionally, a shell bed is situated in the area which separated the ancient 
lake from the sea. The calcium carbonate in the calcareous freshwater stratum is 
obviously derived from the marine deposits now mentioned. 

Between the marine and the pure freshwater sediments there is a layer of clayey 
necron mud about 1.5 cm thick and greyish-yellow in colour, containing, inter alia, 
numerous brackish water diatoms. Dr. SANDEGREN in examining one sample ob- 
served the following species in the numbers given below: 


GUTOSIGING Spenvert. 2. +. a ae Ml 
ANOMOCONEIS SCULPIO « «4.043 Ee ee. 20 
COSCUMOAISCUS BD i. c2 is ds +5 Re ee 11 
Achnantes sp. (brevipes?) 0... . Sek Oe ee 11 
Triceratwum antediluvianum ..............2-..2.... 10 
Wawieahas ObIOng0. 6... secon 3 Se ee 
Diploners wnlerrupie. ¢o..+a2... Oe 
EBURANIGSOTED 6.5. 50 bos ithe nae ee 
ATUDROVG OUQIS 2535 ok. sr ee oe 
NGEESCIAG LOUNGE... or. Oats ks ee 
SUPrella SIGUE -S. ais § oom. a. Ae 
CalonelsWMOsMe GIN... os, Pe 
COCCOREDS EP CATOVES ft 8c! tenn ., Sa en ene ee 
DUNORSAMIAYINO: Hake sccuics ks 8 Ae ee 
LOU EMU Ow. ak thers a ee 
» POOTO eect oe 
WM astogloia Orlin ult. ts. 
i Cocconers placent0las sais wom ck ee eee 
MAO OUL SIMU ire 8 ea Rd <n 
TOPOL OMG GIODGi 6502 actos wes 


pe ae ad) STS SI OM SM SS SSC SO SSIS Te) 


—" 
— 
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Fig. 2. Profile from the Kalstad deposit, 
showing uppermost part of marine clay 
(a), lagoon clay (b), fine lamination of 
lake chalk (white) and non-caleareous 
mud (ce), chiefly pure lake chalk (d), 2/3 x. 
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Fig. 3. Particles < 0.5 mm from the Kalstad stratal sequence. Numbers referable to samples 
investigated; (cf. below). 


This clay stratum was obviously deposited in the lagoon which formed the trans- 
itional stage between creek and lake. Fish skeletons occur locally in this sediment. 
They have not been determined as to species. These skeletons originate probably 
from marine fishes, which had been enclosed in the lagoon and soon succumbed 
there for want of saltwater. 

The bottom part of the freshwater layer shows a pronounced and irregular lamin- 
ation between strata of non-calcareous necron mud and lake chalk. This lamination 
disappears about 20 cm above the lagoon sediment and is succeeded by lake chalk 
containing very thin layers of necron mud, discernible by careful examination. 

For analyses a sediment pillar was dug out. It was divided into the following 
12 samples: 


Sample no. Height Weight 
A Adee yee ciee chet ean 3 cm 64g Coarse non-calcareous 
Ls Ae oe Pe 2) 60 » necron mud 
TOR OOP wile 4 » 130 » 
Oe enh een in 6 » 222 » 
CORE oe ee ty 165 » { Calecareous freshwater 
TARR C ae 10 » 350 » wed ee 
OL SEA niet eagle ok 9 » 345 » 
Se Me ee eee, Cae 10 » 400 » 
LOL ay) hed narra a le 6 » 230 » 
oh edie Caner eet’ 6 » 275 » 
Dee eee ee 4 » 119» Lagoon clay 
eR ipa d As aed Meat 20) 131» Marine clay 


The percentage of calcium carbonate and of phytogene and minerogene particles is 
reproduced graphically in Pl. III, Fig. 7. The appearance of the fraction < 0.5 mm 
is shown in Fig. 3. Sample no. 1 is marine greyish-blue clay. Traces of such clay 
also occur in samples no. 2 (lagoon clay) and no. 3. Samples nos. 4-8, on the other 
hand, consist of very pure lake chalk with a content of calcium carbonate varying 
between 97 and 99 per cent. The following samples from 9 to 12 become progressively 
darker because of a steadily increasing content of phytogene substances. In samples 
8-11 the percentage of such substances increases from 1.2 to 23.4 per cent. (In 
sample 9 the content is 3.0 per cent and in 10, 5.0 per cent.) 
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Fauna 


The Kalstad deposit was not investigated at the same time as the other localities 
but earlier (1937). The molluscs were investigated quantitatively on that occasion. 
Later this examination was completed by a qualitative analysis of the material 
left from the earlier investigation. 


Ostracods. Only shells referable to the genus Candona were observed. They occur 
both in the bottom part and in the upper part of the calcareous sediment. The 
genus is even represented in the marine sample no. 1. This may be explained by 
the fact that species belonging to the Candona group are able to exist in water with 
rather high salinity (<1 per cent; ELorson 1943). — Sample no. | also includes 
worn shells of the marine species Cythere lutea. 


Molluscs. The frequency of shells is shown graphically in Pl. III, Fig. 8. From 
this diagram it appears that the frequency is rather insignificant in the lowermost 
third of the shell-bearing layer; but then it increases and attains very high values 
in the uppermost third. Thus, in samples nos. 9 and 10 about 1660 and 1620 shells 
respectively per 100 g sediment were counted. A comparison with the curve of the 
calcium carbonate shows that the maximum of shell frequency does not coincide 
with the maximum of calcium carbonate. 

The distribution of the mollusc families is illustrated in Pl. III, Fig. 9. The family 
Sphaeriidae — represented chiefly by species of the genus Prsidvwm — is character- 
ized by a high frequency through the whole shell-bearing layer. A very pronounced 
maximum occurs just below the S IJ, viz. in sample no. 10 (about 1200 shells per 
100 g sediment). In connection with the rise of this maximum, P. miliwm loses the 
dominating position which it has held right from the bottom samples in favour of 
P. nitidum (PI. III, Fig. 10). P. lalljeborgi makes its first appearance in the latter 
half of the shell-bearing layer, whilst P. hibernicum shows a rather constant frequency 
all the time. P. subtruncatum is represented in the lower part as well as in the top 
section. Furthermore, shells of P. obtusale were observed at the qualitative examin- 
ation just mentioned. They occur chiefly in the very lowest part of the calcareous 
layer but are also represented in its upper part. In addition to Prs:diwm, the family 
Sphaeridae is also represented by Sphaeriwm corneum. Some shells of this species 
were observed in both the bottom and the top sections of the deposit. 

The family Lymnaeidae also attains a high frequency and has a distinct maximum 
somewhat below that of Sphaeriidae, viz. in sample no. 9 (605 individuals per 100 g 
sediment). The family is represented almost exclusively by Lymnaea ovata which 
shows a considerable individual variation. In addition to shells of the main type, 
numerous shells appear varying towards f. peregra (Lymnaea peregra MULLER) as 
well as towards f. lagotis (Lymnaea lagotis ScHRANK). F. peregra is distinguished by 
its rather high spire (the height at least half of the aperture width), f. typica by its 
low spire (less than one third of the width of the aperture). Regarding these char- 
acters, f. lagotis holds an intermediate position (cf. HuBENpIcK 1945). Additionally, 
the angle between the outer lip of the aperture and the parietal wall varies. F. pe- 
regra and f. typica have an acute or sometimes a square angle, but in f. lagotis it is 
generally square or obtuse. The majority of the types occurring here show greater 
conformity with f. typica and f. peregra in this respect than with f. lagotis. — A few 
shells of Lymnaea auricularia were found. 

The family Valvatidae, here exclusively represented by Valvata cristata, appears 
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through the whole layer. Its maximum occurs below that of Lymnaeidae, viz. in 
sample no. 8 (132 individuals per 100 g sediment). 

The maximal frequency of the family Planorbidae occurs simultaneously with 
that of Valvatidae (80 individuals per 100 g sediment). Planorbidae is represented 
by three species: Armiger crista, Gyraulus arcticus, and Hippeuthis complanatus (PL 
III, Fig. 11). Armiger crista appears both as f. typica and f. nautilea. The latter 
variety has a considerably higher frequency than f. typica through the whole layer. 
Gyraulus arcticus occurs throughout the layer. On the other hand, Hippeuthis com- 
planatus was observed in the upper part and only in the quantitative analysis. 
However, in a qualitative examination of samples from another point of the shell- 
bearing area, Hippeuthis was found also in the lower part. The frequency maximum 
of the family Planorbidae is, above all, caused by the two first-mentioned species. 

The family Physidae is sparingly represented in the upper part of the layer by 
Physa fontinalis. This species was not observed in the lower sections. 

Two specimens of Acroloxus lacustris, family Ancylidae, were observed, one in 
the top section and one in the bottom part of the layer. Both of them measure 4 mm. 


Other freshwater organisms. In the qualitative examination, one ephippium of 
Daphnia pulex was observed in sample no. 2. Statoblasts of Cristatella cf. mucedo 
appear in the lowest as well as in the topmost parts of the layer. A fairly well pre- 
served coleopter was embedded in no. 4. Remains of fish skeletons sometimes occur 
in the lagoon stratum (cf. p. ‘Dios 


Marine organisms. In the marine sample no. 1 numerous shells of Mytilus edulis, 
Inttorina littorea, Nonion labradoricum, and Elphidium spp. were preserved. As 
already mentioned, shells of Cythere lutea were also found there. 


Vegetation 


The frequency of Characaean oospores was especially examined throughout the 
stratum. The result is shown in Pl. III, Fig. 12. The oospores begin to appear, very 
rarely, as early as in the marine sample no. 1. After some fluctuations in the lower 
part their frequency curve rises to a distinct maximum in the upper half of the 
layer immediately below the S JZ. This maximum is attained just before the max- 
imum of the molluse shells, and coincides most closely with the highest frequency 
of the Lymnaeidae. The oospores are encrusted with calcium carbonate to a great 
extent, except those in sample no. 11 which are devoid of any calcareous covering. 

Vegetative components from the phanerogameous vegetation are numerous in 
all samples. Neither these remains nor the fruits were examined during the investig- 
ation in 1937. At the re-investigation of the remaining material fruits were ob- 
served in the top and bottom samples. Scirpus lacustris and seeds of Nymphaea 
alba were found in samples nos. 10 and 11. Additionally, seeds of Carex sp. and 
Betula sp. occurred in sample no. 10 and fruit kernels of Arctostaphylos uva ursi 
in sample no. 11. 

Age 

Pollen diagram Pl. I, Fig. 4. 

The bottom-most part of the shell-bearing layer is somewhat older than the BM iss 
the BM". is situated somewhat below the MLB. The C° appears about con- 
temporaneously with the BM*%“”-. The A® was developed somewhat after the forma- 
tion of the calcareous freshwater layer had ceased. 
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Thus, the formation of the shell-bearing stratum began at the transition between 
the Finiglacial and Postglacial periods and continued for some centuries to about 
6300 B.C. It corresponds mainly to the great Boreal hazel maximum. 


Rabbalshede 


Kville parish: the Rabbalshede railway station, immediately N of the station- 
house; soil surface 94 m above the sea. 

At least partially, the railway yard is built on peat soil. It was observed that the 
peat north of the station-house is underlain by calcareous freshwater sediments. 
Just east of the rails and parallel with them this layer could be followed for some 
40 m. For the greater part of its extent the calcareous stratum has a thickness 
of about 30-40 cm. The overlying coarse necron mud is 7-8 cm and the covering 
peat layer is about 80 cm thick. The freshwater stratum is underlain by shell- 
bearing marine clay. 

The freshwater calcareous carbonate certainly originates from shells in the marine 
clay and from other shell-bearing marine strata in the vicinity. 

The following samples were taken from the exposed profile for the various analyses: 


Sample now Vivo. a. . 280  g(shell-bearing calcareous freshwater necron mud) 
» a eee eer 591.5 » (upper part of the calcareous necron mud) 
» pou Vinee sucetnst 130» =) 
» SiO Lie tia HOB Ly —)— 
» em LL oe rate 6 16.2 » (middle part of the calcareous necron mud) 
» inl. 399  » (bottom part of the calcareous necron mud) 


The percentage distribution of the phytogene and minerogene particles and of 
calcium carbonate was as follows: 


Phyt. Min. Calcium 
comp. comp. | carbonate 
Sample non. Vilke me ses ee 9 58 33 
» » AVES IP As clea ented bic Iate 1c Il 66 23 
» Dia EA Negchree tonleeee eyo ever eof 46 23 Sill 
» ye CTU ele ia Reon chee or 6 58 36 
» » Te ceyeeon tre shes ae 5 60 35 
» » CRP aOR Neh cs re 10 60 30 
Fauna 


Ostracods. Shells of ostracods were observed in all samples. The following species 
were found: 


COOL AM on dadd anoo cob dco 406 < 37 6 | 10 {ley | 1 | 27 
Outhene mite carne ter meteor tener iene 7 
Hemicythere emarginata.......... | | 


Cythere and Hemicythere are marine. 
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Molluses. Frequency of shells: 


Saniplenno. WV eevee es Bayes et) 195 
» DY ete eal cs, Bera tent: 410 
» ype Verse gtcaeee ose coger ys 530 
» NOD LN 0g ae tee hee eB 250 
» MeL uae note pet Raw Aen tr? 8 210 
» aa Re ome ert Ae re oa 310 


The percentage distribution of the molluscs was: 


I Ir JOO IV Vv VI 

ECT ULOCCROUCLE Merten Tee 40 47 28 38 41 21 

| Stagnicola palustris. .......0.5..- 5 6 3 6 5 4 

GUT OULUS ON CLICUS Wayeereleties ee snes: 26 18 27 41 26 26 

» GHIDTESS © eee Ore ae Se ORO 

CATING EMCTUSLOL ate «stevens cee i 3 2 4 1 1 
Sphaerium corneum .....:.-..5+. 

EUSUAUUTIUESD Dierae rai fecie Gaienslen ale? 28 26 40 ih 27 48 


The percentage distribution of Pisidia was: 


| i II UE IV V Wal 
Pisidinum. nitedwn 6... ccs oes 66 60 ial 65 62 67 

» WU EDOTGO irs, ass) iste sds 8 = 2 2 3 3 

» Subtrumcatum ........-. 8 = 6 4 12 9 

» habermicum 2. 0....%.60 2 = 1 4 5 5 

» OOCUSGICR Nts aeiee ee 8 = 8 8 6 il 

» PUCLUMIRtmmey orton reece 8 40 12 109/ 132 9 

» »  f. untoides...... oo (20) (4) (6) (4) — 


In some cases there is good conformity as to the frequency of the species in the 
samples from the upper part of the calcareous layer. In other cases there are di- 
vergences, certainly in part depending on the circumstance that all the samples 
were not taken from exactly the same depth below the S JJ. From the tables it 
appears that Lymnaea ovata, Gyraulus arcticus, and Pisidium mitidum are dominating 
species. The irequency of Prsidiwm nitidum is strikingly equal in all samples; that 
of Lymnaea and Gyraulus shows greater fluctuations. The highest frequency of 
Lymnaea ovata — as well as of the rather abundant Pisidium miliwum — and the 
lowest frequency of Gyraulus arcticus occur in the middle of the layer. The variety 
unioides forms a considerable proportion of the P. maliwm shells. 


Other freshwater organisms. One ephippium of Daphnia pulex was observed in 
no. VI; statoblasts of Cristatella cf. mucedo in all samples, exclusive of no. V; and 
remains of fish skeletons in nos. I and VI. 


Marine organisms. Remains of marine organisms were observed in samples I, III, 
IV, V, and VI; fragments of Mytilus shells in all samples except no. IJ; young Lnttorina 
shells in nos. [V and VI; a spine of an echinoid and a fragment of Balanus sp. in no. I. 
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Vegetation 


Rather many remains of the higher vegetation of the ancient pond — especially 
fruits and seeds — are preserved. The following species are represented: 


I II Til IY Vv VI 

Potamogeton pectinatus........... 68 91 39 = | wir a 

» QWVSOOMOS 253500000 oe 1 
ComenGspp aa nceaweni tees ois eee 3 6 2 6 I 3 
TEQUTOMUTE BYOass on co chovsnocaeen = —- 1 ae | eam = 
Ranunculus cf. peltatus.......... I 

» i) Sok recuatrn Cor o.Gugsoibetaee Gaceeen = 1 
Myriophyllum spicatum.......... 1 1 4 <a ot 3 
LMG TOROS WOUGHUS o05600005000006 1 
LOGY OOTOMO WIGOO 256550500005 58 = = 1 
Menyanthes trifoliata ............ = th 


Oospores of Charophytes appear in all samples without being especially numer- 
ous, except in one sample. They are not encrusted with calcium carbonate. 


Age 

Pollen diagram Pl. I, Fig. 5. 

The shell-bearing layer began to be formed somewhat earlier than the BM”: was 
developed and somewhat later than the BM’. The C° appears in the upper section 
of the layer. The A® was developed just as the accumulation of the calcareous 
freshwater sediment ceased. The Z° occurs in the lower part of the fen peat. 

The shell-bearing layer was obviously accumulated during a period beginning at 
the transition from the Finiglacial and continuing for some few centuries during 
the first part of the Postglacial period (to about 6300 B. C.). 


Branstaby 


Kville parish: from the Rabbalshede railway station 8 5° W, 2.0 km; soil surface 
90 m above the sea. 

The shell-bearing layer forms a part of the substratum of the vast peat moss near 
the Branstaby farm. It consists of calcareous necron mud as also mentioned earlier 
(v. Posr 1923, map no. 51, locality no. 46) but also partly of lake chalk; the stratal 
Sequence is described on p.9 in v. Post’s paper. 

The calcareous layer occurs only within limited areas. The following stratal 
sequence was observed by me: 


To Deciduous: fen-woodspeauucg)-.- 0. <. 0. .e ee 180 cm 
2. Coarse non-calcareous necron mud .................-......... 45 » 
DRCRLCATOOUS NECLON MNCs hss uce sy eerie ce tee eee 40 » 
4. Yellowish-grey brackish water calcareous clay with necron mud. 5 » 


5. Marine blue clay. 


In another section of the mire, the peat — resting immediately on marine blue 
clay — is 6.5 m thick. 


The freshwater calcium carbonate may have derived from shells in the marine 
clay to a great extent, but also from other shell-bearing marine deposits in the vicinity. 
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‘Three samples of the calcareous sediment were analysed: no. 2 from the bottom- 
most part of the stratum, no. 3 from the middle part, and no. 4 from the uppermost 
section. One sample of marine clay (no. 1) was examined. The result of a qualitative 
faunistic examination performed earlier is also given (no. V) 

Quantities analysed were: 


Salyer nied. anbatersts sem cunt he a: 169 ¢ 
» yng OMAN re Tetra Ryo T3oD» 
» ST ee eae eat Re eee ae 24.5 » 
» ACL Ua ere sco cet 218 » 


The table below illustrates the percentage of phytogene and minerogene con- 
stituents and the percentage of calcium carbonate: 
oo a ie a ee, Se 


Phyt. Min. Calcium 
components | components carbonate 


Sample mos enya. okiak oe Lek oe 50 19 31 
» Non Rreratcry eee ee eme eee | 8 W133 19 
« Re eR Pad eer ese ta ata | 7 MD) 18 
» NSteaael leaned Mt ort rte Cee 2 92 6 i 
Fauna 


Ostracods. Shells of ostracods are almost completely absent in the samples ex- 
amined. In sample 4 a shell belonging to the genus Candona, and in no. 1 a few 
shells of the marine species Cythere lutea were found. 


Molluscs. The frequency of the molluscs was: 


San leNOn de kee tert at os nite ruses 1180 
» SS MRE TT NOR lew. Bl Ai 480 
» ik Ade eee eters 310 
» Sie cllig eee lae eee iaeoe aaa — 


2 3 4 Wi 
| — 
| VESTS COUNE Bass 6 cao. home Cee 23 42 19 14 
EPSOM ORTUTROUCS a. elaetaiaie oie eveie 0) seh = =F = +- 
OU ROMWITIS CHEHICOID BO bieo ae ooo Doe 23 35 ¥) 1 
» GUO ces escheya, nore onene Dee = = 1 1 
LNGTOGOP (ORORT a 00 ts OOO DOD BOS 14 7 ig 22 
Hippeuthis complanatus........... = 1 3 2 
FA crolowus LACUSIMIS ae. cee sees: = = ait ie 
WCUSOTIC CUBIS 6 a gO AC dd 6 EGS ONC 14 = 19 38 
» DUS COMO 6 56s oH OO Oo 808 vi —F 12 6 
Sphaervim corneum ....-..5-..... 1 2 2) — 
IZEROCSWMO FIO UG oce Foleo on ae Homer 18 13 18 16 
| > PMO tate ids Gd ee: (5.5) (3.4) (10.7) (8.8) 
» UUOVOROD: ooo aor te sboene — = (1.6) (0.3) 
» subtruncatum ........+.. = (2.3) (1.2) GED) 
» hibernicum .........000. (1.4) (0.3) (0.3) (0.9) 
» ODEUSHICM er eek es teeta | (4) (0.5) (0.6) (0.4) 
» OHO e Oa LO ae NG (9.7) (6.5) (3.6) (44) 0 


| 
| 
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This table shows that certain species reach their highest frequency in the middle 
of the shell-bearing stratum (sample no. 3). Others, again, are more abundant in 
the bottom part (2) and in the upper section (4). To the former group belong: 


Lymnaea ovata 

Physa fontinalis 
Gyraulus arcticus 
Pisidium subtruncatum 


The latter group consists of: 


Armiger crista 
Valvata cristata 
» prscinalis 
Pisidium nitidum 
» obtusale 


The frequency of other species increases towards the upper part of the deposit, viz: 


Gyraulus albus 
Hippeuthis complanatus 
Acroloxus lacustris 
Sphaerium corneum 
Pisidium lilljeborgi 


Finally, the frequency of the following species decreases towards the top: 


Pisidium hibernicum 
» milium 


Other freshwater organisms. Ephippia of Daphnia pulex appear in samples 
nos. 4 (3 in number) and V (2 in number); eggs of rhabdocoels in samples nos. 
I, 2, and 3 (5, 8, and 2 respectively); cocoons of Dendrocoelum cf. lacteum in nos. 
1 and 4; statoblasts of Cristatella cf. mucedo and chitin of insects in nos. 2, 3, 4, 
and V (16, 10,5 and7 respectively); and, finally, remains of fish skeletons in nos. 
3, 4, and V. 


Marine organisms. Fragments of Mytilus shells were observed in all samples ex- 
cept no. 4. Also, shells of Elphidium spp. and Nonion labradoricum as well as frag- 
ments of Balanus sp. and shells of Macoma calcarea occur in no. 1. Additionally, 
during pollen analysis some few marine diatoms were found in no, 2. 


Vegetation 


Fruits of rather many species were observed; but the vegetation in the ancient 
lake does not seem to have been very abundant. 

As the biogene components in sample no. V are not referable to a certain quantity, 
the percentage distribution of seeds in all samples is given in parentheses; as usual, 
the other figures represent the frequency in numbers per 100 g of sediment. 

Oospores of Charophytes are common in all samples, with the exception of no. 1 
where they are fairly rare. 
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1 2 3 4 V 

ee RS ee bree 
| Potamogeton pectinatus .............. — — — 2722) (1) 
» ORCINUN CS rar ene rome — — HC 33) he) (31) 
» OO ORS Be a — — i! (083) Te Ge) ( 8) 
2Catabrosa aguatica................. — T7) as — (ay 
SCUPUS"MOATUUMNUS . 606... es oc ccs e 4 (100) — 18 (46) We Unt) ( 5) 
» GIO OPS IING Fie eka ee trent oe eee — — 10 (23) 1 (11) (36) 
» BIOS the Gf ORR SOicN eee ae Sete ee —— — 4 (10) — (2) 
vhihynchospora Gl0G@.. 0... 1.5... 25, — — — Tha} — 
Caremectasiclliilaiasen so see en — TL (ie) — = ean 
» SDaeretons, Mamienevuters stink bans een — 1 (Gl7p) 4 (10) La Gloly) (11) 
INOTDNOUCOR CHCON syne Aon ae ene ee — — (G3) 1a) (@3) 
Comarum palustre ... 0.0... e cece eee. = iL Ge) — = = 
Myriophyllum spicatum ............. = Hr lie) — aa = 
» cf. alterniflorum ...... ase TEV@I7)) a = es 
Naumburgia thyrsiflora.............. — = = soe (2) 


Age 

Pollen diagram PI. I, Fig. 7. 

The exact position of the BM*”?: is not perfectly known, but most probably it is 
indicated by the high Betula values at the marino-limnic boundary. The shell- 
bearing layer was formed previously to the great Boreal hazel maximum; the C° 
appears in the uppermost part of the layer. The 4° was developed during the form- 
ation of the fen peat. 

The layer was thus accumulated during the very first part of the Postglacial period. 


Klingseréd I 


Kville parish: from the Rabbalshede railway station N 48° E, 3.3 km. This locality 
is identical with the mire no. 56 in v. Post 1923 (map no. 51). Soil surface 100 m 
above the sea. 

Calcareous necron mud and lake chalk are included in a sequence of strata of the 
following type: 


Le Dectditioug fen-woodsneat: oy aceite ee ke i Oe 100-200 cm 
2. Coarse non-caleareous necron mud .................. 65 » 
3. Lake chalk and calcareous necron mud ............ 40-75» 


4. Marine, shell-bearing blue clay. 


The calcareous freshwater stratum covers an area of at least 1/4 hectare. The 
freshwater calcium carbonate obviously originates from the subjacent shell-bearing 
clay and from other nearby marine deposits. 

A sediment pillar from the shell-bearing freshwater deposit was examined. It was 
divided into 10 samples: 


Sample no. Height Weight 
LOR ERA gSt RSE? AOE peat sepa eal. Gane 2 cm 42,3 g 
ENE AL PORT Get Re its Mi cee the 3» 59.1 » 
CLO AN AshtS heg td Solinels be Saran 6 » 71.4 » 
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Sample no. Height Weight 
re A ee Sade Aaa se OAS Ge bor me Rome o 14 cm 154.5 g 
Sa gy se cer seein toe pains Cote SARTRE 3. 16 » 158.8 » 
Ya Zag RR ee Narcan ipSehlots Mey ont 3» 22.2» 
ATE Re ae We otc by Gale Rae ee OE ee L0™) 132.3 » 
Seah ikke date a a ne ee eee ne 6 » 58.2 » 
D VBR oe Re a Saude. are eee eee Eee es 103.8 » 
Oe Aes Si ame ero OS Ge 4 » 48.8 » 


As appears from PI. II, Fig. 2 the percentage of calcium carbonate increases rather 
rapidly to important values. The percentage of minerogene particles decreases con- 
temporaneously. In the bottom part of the calcareous layer there occur considerable 
quantities of remains from the higher vegetation of the ancient pond. These plant 
remains are interstratified with highly calciferous layers in the same way as described 
from the Kalstad deposit (p. 119, also cf. Fig. 2). (The sudden decrease of the calcium 
carbonate content in sample no. 5 is caused by coarse plant remains to a very great 
extent.) In the upper half of the layer the lake chalk is very pure and white, but 
towards the S IJ it becomes mixed up with steadily increasing quantities of minero- 
gene and phytogene particles. Via calcareous necron mud clay full of remains of 
the higher vegetation the lake chalk is finally succeeded by coarse non-calcareous 
necron mud. 

In the lowest part the total curve of the components < 0.5 mm is chiefly formed 
by minerogene fine-particles (Pl. II, Figs. 1 and 2). In the remaining part, however, 
it is mainly formed by the curve of the calcium carbonate. 


Fauna 


Ostracods. Shells were observed in small numbers in the following samples: 


E-CONOCYPTISNOUGUG to ete tee 
OOM Boon oo Acs on downer oobace 


sii = | 1 
= 2 | | 5 
Cu therewlavted aa isi cro 8 wt | 


2 Lo le ye ed 


Molluscs. The shell frequency is shown in Pl. II, Fig. 3 and the frequency of the 
families in Pl. II, Fig. 4 

From the former curve it is evident that the shell frequency is high in all sections. 
Four maxima can be distinguished: in the bottom section is a less important lower 
one besides an upper one, which represents the absolute maximum (nearly 10 000 
per 100 g of sediment); the upper section is distinguished by a more important lower 
maximum and a less important upper one, the latter situated immediately below 
the S II. 

The mollusc families consist of one group with numerous shells and another with 
low shell frequency. The former includes the families Lymnaeidae, Planorbidae, 
Valvatidae, and Sphaeriidae, the latter the families Physidae and Ancylidae. The 
family Plavorbidae very soon gained a dominating position in the fauna of the ancient 
pond, but was later forced to retire successively in favour of other families, espe- 
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cially Sphaeriidae, which dominates in the upper part of the shell-bearing sediment. 
In the upper section the frequency curve of the family Lymnaeidae shows striking 
conformity with that of Sphaeriidae. In the lower section of the deposit the two 
curves correspond to some degree, with the exception, however, that a maximum 
occurring in both curves — in both cases succeeded by a considerable minimum — 
does not take place simultaneously; the changes of the Sphaeriidae curve occur some- 
what earlier. The family Valvatidae has a remarkable representation. In sample no. 
1 it shows a slight maximum, but is then so poorly represented up to sample no. 6 
that its frequency does not even amount to as much as 0.5 per cent. During the last 
period of the existence of the ancient lake, however, the family reached a rather 
considerable frequency and attained a marked maximum immediately below the 
SII. This occurred after the time when the number of individuals of those families 
which until then had been in the majority was strongly decreasing. 

Lymnaeidae is represented by one species only, viz. Lymnaea ovata, which, besides 
occurring in the main type, also occurs in types varying towards f. peregra as well 
as towards f. lagotis (cf. p. 120). The shells belonging to the family Valvatidae are 
almost exclusively referable to Valvata cristata; Valvata piscinalis occurs in samples 
nos. 2, 6, and 7 with a percentage < 0.5. The family Planorbidae, on the other 
hand, is represented by three species, viz. Gyraulus arctwcus, Armiger crista, and 
Hippeuthis complanatus. The distribution of these three species is shown in PI. II, 
Fig. 5. Gyraulus arcticus and Armiger crista occur from the MLB and up to the S IJ. 
They very soon reached a high frequency. In the lower half of the layer, however, 
the reciprocal frequency changes strongly, inasmuch as a maximum of one species 
usually corresponds to a minimum of the other. In the upper half of the deposit 
the frequency curve of Gyraulus arcticus gradually and continuously decreases. 
This also applies to the Armiger crista curve, which decreases gradually as far as a 
horizon immediately below the S IT, where, like Valvata cristata, it reaches a sud- 
den and pronounced maximum. Hippeuthis complanatus was only observed in the 
upper part of the layer, where, however, it occurs with a high frequency. 

The family Sphaeriidae is represented by the genera Sphaerium and Pisidium; 
S. corneum is the only Sphaerium species present. Its frequency curve is character- 
ized by 3 maxima (PI. II, Fig. 6), one of which occurs in the undermost section of 
the layer. Separated from this one by a marked minimum the absolute maximum 
of this species appears in sample no. 3; it is characterized by the steep rise of the 
lower part of the curve and by the gentle descent of its upper part towards the 
minimum above. The third maximum is discernible in the upper section of the 
deposit. 

Pl. I, Fig. 7 illustrates the frequency of the Pisidiwm species; they can be divided 
into one group with high frequency and one with low. The former group consists 
of P. mtidum, P. subtruncatum, P. obtusale, and P. milium. All of these species, 
except P. subtruncatum, are already represented immediately above the MLB. P. 
subtruncatum was observed in considerable numbers as early as in sample no. 2. 
As to the remaining course of the frequency curve of this species, it shows consider- 
able fluctuations in the lower half of the deposit with two maxima separated by 
a distinct minimum. In the upper part of the stratum the curve runs without great 
fluctuations and holds an inferior position in relation to the other frequency curves 
in the same diagram. P. obtusale reaches its highest value immediately above the 
MLB, whereupon its frequency curve takes an intermediate position until reaching 
a small maximum just below the S IJ. P. miliwm, chiefly represented by the variety 
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unvordes, has a low frequency in the bottom samples, but in sample 4 it suddenly 
reaches an important maximum, again, however, rapidly followed by a minimum 
simultaneously with the beginning of the momentary increase of the P. subtruncatum 
frequency curve just referred to. In the upper section of the deposit the frequency 
curve of P. miliwm is characterized by a quiet course; yet a slight maximum sets in 
just below the S JI. The frequency curve of P. nitidum runs without greater fluctua- 
tions through the whole deposit, except for the section of samples nos, 4 and 5 where 
this species was temporarily forced to withdraw in favour of P. miliwm and P. sub- 
truncatum. Like these species, P. nitidum reaches a maximum just below the S JJ; 
this maximum is considerably more pronounced than those of the other two species. 

P. lilljeborgi, belonging to the group of Pisidia with low frequency, is distinguished 
by a distinct maximum just above the MLB, whereupon its frequency curve con- 
tinues steadily as far as to the upper part of the deposit, where it changes into a 
sight maximum. This maximum takes place earlier than the upper maxima of the 
above-mentioned species. P. habernicwm shows an even and insignificant frequency 
in the lower part and a somewhat higher but less constant frequency in the upper. 
P. henslowanum was observed only in the upper part of the layer. 

Of the two families with only a small number of shells, the Ancylidae family is 
represented by a single species, viz. Acroloxus lacustris which makes its first appearance 
in sample no. 4 and then immediately reaches a maximum, whereupon the frequency 
successively decreases to reach zero just before the S JJ. The other family, Physidae, 
is, likewise, represented by a single species, viz. Physa fontinalis. Its earliest appear- 
ance coincides with that of the family Ancylidae. In the next succeeding sample it was 
not observed, but thereafter its frequency increases steadily. Physa continued to 
occur close to the S JJ. 


Other freshwater organisms. In samples nos. 1 and 2 ephippia of Daphnia pulex; 
in nos. 6 and 8 eggs of Turbellaria rhabdocoela; in nos. 1—9 statoblasts of Cristatella 
cf. mucedo; in nos. 6, 8, and 9 chitin of insects; and, finally, in nos. 1-6 and no. 8 
fragments of fish skeletons. 


Marine organisms. Remains of shells of Mytilus edulis, Hydrobia sp. (juv), and 
Balanus cf. balanus as well as foraminiferal shells (Elphidium) and entire shells of an 
ostracod (Cythere lutea) were observed. Hydrobia occur in sample no. 1, whereas 
Cythere lutea and Balanus are represented in samples 1-4 and fragments of Mytilus 
and shells of Elphidiuwm in nos. 1-8. 


Vegetation 


Fruits and vegetative components from the evidently very abundant higher 
vegetation of the ancient lake have been preserved in large quantities. The frequency 
of the fruits which occur in greatest numbers is reproduced graphically in Pl. II, 
Fig. 8. Fruits of Potamogeton are the most numerous; their frequency is, however, 
rather varying. The dominating species are P. obtusifolius and P. pectinatus. A 
pronounced maximum of Potamogeton in the lower part of the stratum is chiefly 
formed by both these species. P. pectinatus reaches its maximum first. In the upper 
part of the layer the course of the total curve of Potamogeton is almost exclusively 
influenced by the P. obtusifolius curve. Just below the SII the curve attains a 
smaller maximum. — The seeds of P. pectinatus, having a typical appearance, are 
rather small; the average length amounts to 3 mm. 
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“Pl. I, Fig. 8 also shows the frequencies of the genera Scirpus and Carex. Like 
Potamogeton, they attain maxima in the lower section as well as in the uppermost 
part of the stratum. The upper maximum is the most important. 


The following table is a complete list of the species observed: 


| 

1 2 3 t 6 ii 8 ) 
ee ee ee ee Ce a 

Potamogeton obtusifolius........ 12 24 2 64 13 14 61 19 
» pectinatus ......... aaa 1 69 it 1 — — 
> fUlvformas 6... on. 2 — | 3 = 1 2 4 

» NALANS rode mens oo 4: cs a 3 

» perfoliatus «i002... = 1 

ISCULPUSMLACUSUTMIS. san ee een oo Os 2 i 5 il il 3 — 23 

» PROTECTS fade we on = 2 == = 2 

» GOS one one eg op eeaue cee — = 2 
COree EDD. aushic ioe tN et es + 1 2 1 1 aaa 7 12 
IB CUULONSD sensei «care eR coe ol = 1 ae = 
UNG aeDltqeas GLUE, ajar, «esha a Seis oe = == 2 1 28 1 el Se 
Myriophyllum spicatum ........ = aoe 2 = il aa 

Arctostaphylos uva wurst ........ os = 2 
Menyanthes trifoliata........... | 2 


Oospores of Charophytes occur in all the samples, though with varying frequency. 
They are rare in nos. 1-3, but they appear suddenly in great numbers in the fourth 
sample. In no. 5, again, they are rare; in the following four samples, however, they 
are numerous — in the seventh and ninth very numerous. The uppermost sample 
contains only a small number of oospores. As a rule, the oospores appearing in the 
samples with an inferior frequency are not covered with calcium carbonate, whereas 
those occurring in samples with a high frequency are freely encrusted. Exceptions 
from this are the oospores in no. 9 which are non-encrusted, and those occurring 
in no. 2 which show signs of having been covered with calcium carbonate to a rather 
great extent. 


Age 

Pollen diagram Pl. I, Fig. 3. 

The MLB was formed somewhat after the BM’, and the sedimentation of the 
shell-bearing freshwater layer was finished at about the BM*””: and the O°; the A°® 
appears in the upper part of the non-calcareous coarse necron mud. 

The shell-bearing layer was thus accumulated during the transition from the 
Finiglacial to the Postglacial period. 


Stuvangen 


Kville parish: from the Rabbalshede railway station S 82° W, 3.2 km; soil surface 
65 m above the sea. 

The locality is identical with the peat soil no. 49 (v. Post 1923, map no. 51). It 
has also been described by Hrsstanp 1946. 

The shell-pearing sediment consists of calcareous necron mud; it is included in 


the following sequence of strata: 
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Le Deciduous: fen: wood? pedtacicaas se woth cea La Ra 
2. Coarse non-calcareous necron mud ........... 0.2 » 
on Calearcouss mecron cl © eae ae eee en eee 0.2 
Am Tiagoonnclay 4 «ah 1 eee oe ee ee 0.02 » 
5. Shell-bearing marine blue clay. 


The freshwater calclum carbonate may originate from the shell-bearing marine 
clay, and also from marine shell beds lying somewhat NE of the freshwater deposit. 
Five samples were taken up with a can-auger. 


Weights: 
ana Oles NO. lower eet merge ee Sen 66.5 g 
» Sl 6 eee eS Se toe 74.5 » 
» ae Bh eee ee ee 18.0 » 
» Sy cael Vile Tite cate ae 19.0 » 
» ae Pets eae eee ee 48.0 » 


The percentage distribution of phytogene and minerogene particles and of calcium 
carbonate was as follows: 


Phyt. Min. Calcium 

| comp. comp. | carbonate 
Samplernor alte eran re 21 35 44 
» Nie ATS Pattie, sae ott 4 72 24 
» DyTa A Eo Rove Bue neces cree ome 0 62 28 
» Darga IN Seat caeeerg trey arene othe 21 31 48 
SOE) ae W eae eatiagy Sas aa 2 81 Wz 

Fauna 


Ostracods. Shells of ostracods occur in all the samples with the exception of no. I. 


TE | III | IV | WV: | 

| | | “4 

LVOMOQUUMS CUO ns sao 604560b06 | 6 | = = | 
2 | 


| Candona S)Obp rainy wacarter 6 ihe ceaiG Ge | 2: 12 11 5 
Molluscs. The frequency of shells was: 
Saniple=nois] Reece. a 270 
» yp LI ais alae or eee 290 
» tl Le. eer eas eee 580 
» ye GEV on Ree Saye deeds 540 
» En ee et fe een ts 57 


The percentage distribution of the species was: 
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it 1UE III IV Vv 
Lymnaed ovdia............ 25 19 28 22 14 
Stagnicola palustris ........ | = 
Gyraulus arcticus.........\. ) 483 56 62 61 46 
LAUT DOGKE (CURD et ono HO OA 7 6 6 4 22 
Hippeuthis complanatus ....)  — 1 i a = 
Valvata cristata ........... 4 4 = 5 11 
Sphaerium corneum........ = il == 1 == 
Pasidvums Sppacc ess «skeen 21 13 3 7 7 
» WUEDINE Bea om es (7) (1) = () ~ 
! » TU UODILDN cae eeveseeuens 1 (6) (9) (2) (2) = 
» liljeborg? ...22... (1) 
» hibernicum....... (2) — (1) (3) == 
» subtruncatum..... (5) (2) = = (7) 
» SDicckeraate pusense omits oa (1) 


It appears that Gyraulus arcticus is the most abundant species. Lymnaea ovata 
also reaches a high frequency. Arimiger crista (f. typica and f. nautilea), Valvata 
cristata, and Pisidium milium occur in rather considerable numbers. 


Other freshwater organisms. One ephippium of Daphnia pulex was observed in 
sample no. I; one cocoon of Dendrocoelum cf. lactewm in no. I; statoblasts of Crista- 
tella cf. mucedo in no. IV; chitin of insects in nos. I, II, and V; and a fish vertebra 
aye ho.. b 

Marine organisms. Foraminiferal shells referable to species of the genus Elphidium 
occur very numerously in no. V. In the same sample appeared also some fragments 
of Balanus and a single fragment of Littorina littorea. Remains of Mytilus shells 
were observed in nos. J, III, and V. 


Vegetation 
Fruits and seeds of the following species were found: 
I II Til IV Ww 
Potamogeton pectinatus.....| 18 16 IL 6 == 
» praclongus..... = ite 
» MOLARS eae tee 3 4 = Il = 
» trichoides...... 6 — 
» SjOna ie cneteene | 2 
Ruppia rostellaia .......... 1 4 17 = 4 
» SHOU RTIISOS OS sleteicicla ois = 3 5 = ss 
» SDapatbeaei tsa sum er: es 5 a — 
IN GI QSENIUAT WCC Me). ee 3 1 
Scirpus lacustris... .cures 1 
» SP otetsisiel totes S ote hile — 5 = = 
(ORNL GAS 1 U0 on ky SG er ge RONNIE 1 2 
I UMCUS SP ata vs nskolste a si scscers = J 
Nymphaea alba............ 1 
Ceratophyllum submersum .. 3 1 
IEOVTPCIO GOs. 000 ood Gon oe = 1 


Oospores of Charophytes were found in all samples. They are not encrusted with 
calcium carbonate. 
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Age 

Pollen diagram Pl. I, Fig. 8. 

The exact position of the BM*””: is not perfectly known; it may be represented by 
the Betula maximum just at the MLB where also the O° appears; the BM: seems to 
occur at a lower level. The shell-bearing layer corresponds to the earliest third of 
the great Boreal hazel maximum. The A°® appears far higher up, viz. in the fen peat. 

The shell-bearing stratum was formed during a very early part of the Postglacial 
period. 


Hjelpedsten 


Kville parish: from the Rabbalshede railway station S 72° W, 3.1 km; soil surface 
68 m above the sea. 

The locality is identical with the peat soil no. 48 (v. Post 1923, map no. 51). 

Calcareous sediments occur within a small area in the centre of the mire. The 
sequence of strata consists of: 


ls Decidnousstenswoods peaty, ne.ao. be Beene do a 175-250 cm 
2. Coarse non-caleareous necron mud.................... 45» 
3. Calcareous necron mud and lake chalk .............. 30» 
A Orevich=- yellow mecromenid . 2. cdo so. de + yen ctoceiacae 10 » 


5. Shell-bearing marine blue clay. 


The calcium carbonate of the freshwater stratum is certainly derived from shells 
in the marine clay, and also from a very important shell bed lying close by. 

Samples were taken up with a can-auger at two points within the calcareous area. 
From one of these points 2 samples were analysed (nos. I and II), while from the 
other point 7 samples were investigated (nos. 1-7). 

The quantities analysed were: 


Sataplesnoa lia ter. ahs ae een le ee bi. 
» TS Pee hs corso ee 70 » 
» LIS gow Ont nae, a eet Sele ae (oy 
» pre 2 em gen trae ge are ln bose 2) 
» SP emer ar eae ee ee ae ae 19 » 
» Pee Oe Bee ae een oe 113» 
» ERD? seas ati us Cee ernie ort 24.5 » 
) WPEEO eect cece, Be eee ee US) oxy 
» SONAL ae one cee eee, eee ee 27° =» 


The percentage frequency of minerogene and phytogene particles and of calcium 
carbonate was: 
ses... 


Phyt. | Min. Calcium 
comp. comp. | carbonate 
SERINE IO, JE bso ovacnuadaucecc 8 16 76 
» DEAT, ocean ats ee 7 10 83 
» DE Dias es. titae eee a ees 5 4 91 
» OD nes Nene rch te cue ee 8 14 78 
» NS OO Ut Ene Ae eee ae 153 20 65 
» iy! a me Age ee eee a 10 83 
» Me rocaton moi coer ees 7 8 85 
» Seed Metres itr Ae ts. os, 13 22 65 
» NERA Mr aCR OGG ANY OFS Cet ia ek 13 16 Tal 
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Fauna 


For faunistical purpose five samples were investigated quantitatively (IJ, 1, 3, 
5, 6, and 7); the others were examined qualitatively. 


Ostracods. Shells of ostracods were found in all samples, except 3,6, and 7. The 
following species were observed: 


ee 


] | 

| panei | Il 1 2 4 5 

| | 

| | | 

| Pionocypris vidua............44. 2 = = 4 = = 

GCG Tk 0 aes eee eee aN | 8) 4 11 4 3 48 
OumridetsUiorals: sense ee. 2 | = = 4 = == 

| Cytheridea papillosa............. Z| = 4 


Cyprideis littoralis is a brackish water species, Cytheridea papillosa a marine. 


Molluses. Frequency of shells: 


Sota Co oan It Ree een Cen eee 560 
» Re ere Mine eg nee: te 530 
» ie ered 0 eye ee Vk ee 1080 
» ENON puke ey Aer eee ee wn 2700 
» eee OMn a cri, Ca Wied eee oR eee 80 
» DB eek hte Wels 330 


II I 3 5 6 a 
i = a a 
ISUCCIN CUBS .a., Os Baete nieih ashlee 2 2 5 2 = 6 
MY INOCALOUGLG, Bie fae Meise loys 20 22 21 18 Be aR 
» CQUTICULATIG Fanaa ake is ap = J — 1 
» SDD eae cco erat cor ent aha coree o 1 il = = == — 
WSNSSOMOTUNULIS Been tn nett ae = == al = = 
GUTGUULUSA CO TCILCUS aa tenon eee 3 i 1 4 = 13 
PAULO GEICNUSECY wn Tare ety ayes 1 I i 1 =s — 
Hippeuthis complanatus.......... 5 6 2 4 = 1 
rAcroloxus lacustris ....:........4. = ae = 1 = = 
VOUS CHISMINGI = € Be op cob Roe ee 15 14 11 13 20 2 
Sphaerivum COTKEUM .2...2...-... =e 1 2 ap = — 
LA SOLUMES DD ee aie eee ee 53 51 57 56 47 54 
> ROLL UMD: LASSEN L, 3 SB 2 (26) (29) (25) (27) (33) (28) 
> MAMUM ae sie bavere Trl « (16) (14) (25) (16) ( 7) (23) 
» LV CUCTOU ween ate aie = = Gia) (G2) = — 
» WiUDernicuiven men. seen. (1) (er) C1) (iy) = = 
» QUT. We OR ee ( I} (uy) (23) ( 3) — _ 
) subtruncatum........... ( 8) (a) ( 3) (7 (a ( i) 
» S Dieta een ce ( 6) (3) (+) (Gu — (2) 


The table shows that the frequency of each species is rather equal in the different 
samples. Lymnaea ovata, Valvata cristata, Pisidium nitidum, and P. malium are 
predominant. The occurrence of the terrestrial pulmonate gastropod Succinea sug- 
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gests that the calcareous sediment was deposited rather near the shore, since this 
gastropod lives especially on the shore vegetation. 

Other freshwater organisms. Cocoons of Dendrocoelum cf. lacteum were observed 
in samples II and 7; eggs of rhabdocoels in no. 7; statoblasts of Cristatella cf. mucedo 
in hos. I, Il, 2, 4, 5, and 6; chitin-of insects in nos. Il, 1, 3, 5, 6, and 7; and 
remains of fish skeletons in nos. I, II, and 6. 

Marine organisms. A fragment of a shell of Mytilus was found in no. IT and 
shells of Cytheridea papillosa in nos. I and 1. 


Vegetation 


Only small quantities of vegetative plant components have been preserved in the 
calcareous sediment. Fruits or seeds of the following species were observed: 


I II 1 2 3 4 5 6 7 
Pinus silvestris... ...5..- canes = 1 
Potamogeton natans...... 5 vu 4 == 21 9 8 10 4 
» OPM OHO 6 3)) 1 
» trichoides ..).| = 1 5 = 
» pectinatus... 5 — 4 = == 
Ruppia rostellata........ = 1 
UNO ASMINONING rat iinet = 16 I |p @ 20 47 14 4 20 22 
Scirpus maritumus....... ee 
2Rhynchospora alba...... a = 1 = 
Carex cf. pulchella....... os == 1 
IY Pl osdce-c- uo ooo == 3 3 Sa 10 6 4 5 fl 
Betula ef. verrucosa...... 7 
Nymphaea alba ......... a 3 | 6 — oe Il 
Ranunculus spp. ........ == L | 7 
Lycopus europaeus....... so= mel lo) = — il 


Some fruits of Ceratophyllum submersum L. were observed in the samples taken 
for pollen analysis. 

Oospores of Charophytes occur in all samples; they are not encrusted with calcium 
carbonate. 

Age 

Pollen diagram Pl. I, Fig. 9. 

The marino-limnic boundary is obviously situated somewhat above the BM. 
The C® and possibly the BM*‘”?: appear slightly below this boundary; the shell- 
bearing layer corresponds to the earlier third of the great Boreal hazel maximum. 
The A°® occurs in the lower part of the fen peat, and the 7° somewhat higher. 

The shell-bearing stratum was formed during a very early part of the Postglacial 
period. 


Korndalen 


Tanum parish: from the Orreklapp railway station S 72° E, 4.5 km; soil surface 
71 m above the sea. 
Stratal sequence: 
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‘ 1. Peat and coarse non-calcareous necron mud............... 115 cm 
2. Calecareous necron mud (one wieli; brown \etieds cron ok dsive 5 » 
3, Calcareous necron mud VERS VISH ROO) es cette Stet. sestemeoee 12 » 
4. Sandy, marine blue clay with shells, 


The freshwater calcium carbonate originates certainly from the underlaying 
marine clay and possibly from rather important shell-bearing marine deposits si- 
tuated in the glen SW of the freshwater sediments. 

For analytical purpose three samples were taken up with a can-auger. 

Weights: 


Danie. On L sean: ete ae ee 197 g 
» ee Wee a io een AN 349 » 
» Sire 81 Aaa res er Nes 6 154 » 


The percentage content of phytogene and minerogene particles and of calcium 
carbonate appears from the table below: 


Phyt. Min. Calcium 

comp. comp. | carbonate 
‘Sample ICR NE ne Oa pe Oe 95 3 2 
» ye aya By Sask ce Ae eee ay ee we ete, 96 1 3 
Ree eli neogtiee were er | 96 2 o 


Fauna 


Samples IT and III were analysed quantitatively, no. I, on the other hand, only 
qualitatively. 


Ostracods. No shells of ostracods were observed. 


Molluses. Frequency of shells: 


Saimplor por br ees ee en 90 
» ‘arco esrgee trates, Mame th Dc Ze 120 


The percentage distribution of the species was: 


jut Til 

SORTIEO UIDs 5 Be AE IS OD. A 0 IO 24 33 
GYTOMUUSHATCLICU SIRNA Mo a ao lee we es ae 61 40 
» OULOUSIN RE. So ie Oa td eA Rea SP + 
IVA OUNEP” ORD soo SEO oA boc Re 5 18 
Huppeuthis complanatus..0...0.05+s50-- 1 2 
SYMON COMUCLD. EEG bs AO ban Geno. Ont = 2 
TUS OG MSONUO T5858 eco OOO OR OTe 9 5 
» TOLL Tse eee cE ee RE on (ip) (3) 

» PULLIN Bara one ea tes ne (2) (2) 


Other freshwater organisms. A wing of an insect was observed in no, I and 
fragments of fish skeletons in nos. II and III. 
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Marine organisms. Fragments of shells referable to Mytilus and Balanus occur | 
in samples I and II. Entire shells of Hydrobia ulvae are rather abundant in all | 
samples. Rissoa parva and a single shell of Littorina littorea juv. were observed in 
no. III, and fragments of Astarte borealis and Saxicava arctica in no. II. In no. H 
there occur also shells of Nonion labradoricum and Elphidium spp. 


Vegetation 


Vegetative components of the plants in the ancient lake have been embedded in 
the shell-bearing layer only in small quantities, but fruits and seeds are abundant 
as appears from the following table: 


Len! 


II III 


Potamogeton gramineus......... | Wey 
» MOCAINS een arn cn Tene ton 18 | 
» pectinatus ......... 


1 
Alisma plantago-aquatica ....... = 
Ruppia rostevlata 12.5 ..2555 == 
Zannichellia repens ............ = 
OOO (CUIMGTOOWS 30 0000000000050 = 

Ih Oko toonoanogse aceqeanc 5 
Polygonum cf. persicaria........ == 
» ef. hydropiper....... 1 
?Montia lamprosperma......... = 
YWPUOAY AO O0S aoe Ga oedd Sob bods Bee 
Ranunculus cf. peltatus ........ 1 
Myriophyllum spicatum ........ 2 
TGP PUrvs VULGATUS steers wee eres == 
Naumburgia thyrsiflora......... = 
Menyanthes trifoliata........... = 


Hess os kena er overall atlecses 
pl pete (etl earch (a) nnsccune 


A gramineal seed and a leaf of Salix plus some few indeterminate seeds were 
observed in no. II. 

Oospores of Charophytes are numerous. They have no covering of calcium carbon- 
ate. 

Age 

Pollen diagram Pl. I, Fig. 11. 

The O° is situated in the shell-bearing layer. The A° appears in the lower part of 
the peat. The 7° occurs somewhat higher in the peat. The Betula maximum ap- 
pearing contemporaneously with the Corylus maximum may not be identifiable 
with the BM*“”-, which may have been developed earlier. 

The shell-bearing stratum was obviously formed during an early part of the Post- 
glacial period. 


Fossane 


Kville parish: from the Rabbalshede railway station N 15° E, 2.1 km; soil surface 
77 m above the sea. 
The calcareous freshwater stratum (10-20 cm thick) is underlain by a stiff and 
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greyish-yellow clay, free from shells (about 30 cm thick); this is probably a fresh- 
water layer. Below this one is shell-bearing marine clay. 

The freshwater calcium carbonate cannot have been derived from the stiff clay. 
The sources of calcium carbonate must be traced among the shell-bearing marine 
clays in the vicinity. 

For analyses a sediment pillar was divided into 3 samples: 


Sample no. Height Weight 
Spa QO |) i tune sete Tee ieee Lah em: 53 g 
He (Madd lepart) tA A saicdch: a: 59 » 
BACDOLGOnI ect See. ctv ls 6 » 42 » 


The percentage of calcium carbonate and the proportions of phytogene and minero- 
gene particles are illustrated in Pl. III, Fig. 13. 


Fauna 


The frequency of the shells of ostracods and molluscs is reproduced in Pl. II, 
Fig. 14. 


Ostracods. No shells of ostracods were found in sample 1, but they appear 
abundantly in the others, especially in no. 3. The following species were found: 


2 3 
leLLLO CY Pit SmO DON Weaca ct eter on rs Aet beens cuewteeashe = 13 
UMocypreuld@abrOdye...2. ows fom. Biche ae os ae = 14 
UTE DELOCUTUSMUC DLLNS aan erae eae ae ee 5 = 
WRELCLENOCY DTUSMITLCONO HALEN Ss eta er oe eae eee oae 29 79 
EeVOWOCY DUISMULAULT teen Meee eine ene 52 85 
CORA OR GURSP sropasspracrons tence Vesperia is sceweseast sah rene 340 1 260 
TBC LEOGEIGS ES On ata 5 ee OS OOO Oe = 1 


Molluses. The frequency of the most numerously represented families is shown 
graphically in Pl. IIT, Fig. 15. From this diagram it appears that the families Lymnae- 
idae and Sphaertdae reach their highest frequency as early as immediately above 
the MLB. The family Planorbidae, on the contrary, has a very pronounced maximum 
just below the SJJ. The family Valvatidae takes an intermediate position. 

The percentage frequency of the less abundant families has not been illustrated 
graphically; instead, it is tabulated below: 


hots 
_ 


PIO SIGE O yeas eats Marie 2 18-8 veya sons | = | —- 
i 
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These families are represented by one species each, viz. Physa fontinalis and 
Acrolozus lacustris respectively. This is also the case as regards Valvatidae, which 
is represented by Valvata cristata. The family Planorbidae, on the other hand, is 
represented by 4 species: Gyraulus arcticus, Gyraulus albus, Armager crista (f. typica 
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and f. nautilea), and Hippeuthis complanatus. Gyraulus albus was found only in 


sample 2; the frequency is low (< 1/2 per cent). The distribution of the three other | 
species is shown in Pl. ITI, Fig. 16. This diagram illustrates that Gyraulus arcticus and | 


Hippeuthis complanatus reach their greatest abundance in the bottom section of 
the layer; their frequency decreases successively upwards. The course of the fre- 
quency curve of Armiger crista is quite inverse. 


The family Sphaeridae is represented by Sphaertwm corneum and species belonging | 
to the genus Pisidium. Sphaervum dominates in the lower part of the stratum and | 
Pisidium in the upper (PI. III, Fig. 17). A list of the Pisediwm species is given below | 


(percentage frequency of the total shell number). 


1 2 3 

Pisidium nitidwm.....cccvevses 4. + | ip 
» POW 0.0 OD PBA ORO OT - 2 +- 

» (QUINTA Soo no boo eon. = aia a 

» obtusale . alee ieeis fone ge + + = 


Other freshwater organisms. Statoblasts of Cristatella cf. mucedo occur rarely 
in samples 2 and 3. Fish remains were found in all samples. 


Marine organisms. No marine organisms were observed in the freshwater 
sediment. 


Vegetation 


Remnants of plants increase in frequency towards the top of the layer. Vegetative 
components are rather abundant in samples 2 and 3. On the other hand, seeds are 
fairly rare; moreover, they are macerated to such an extent that only the cuticle 
within the harder external wall remains. 


1 | 2 | 3 | 
UZOLCMMOGCLOTES Daman etc ornate | 14 2 | 8 
| Nymphaea alba..... oa ae | 10 2 | — 


Some pieces of coniferous bark were observed in sample 1 and a needle of pine 
In NO--3s 

Oospores of Charophytes are common in samples 1 and 2, but rare in no. 3. Some 
transparent bodies of chitin, strongly reminiscent of Characaean oospores in size and 
shape, were observed in no. I. 


Age 

Pollen diagram Pl. I, Fig. 10. 

The accumulation of the shell-bearing freshwater layer began contemporaneously 
with the great rise of the Alnus curve. The 7° appears somewhat higher; the 0° 
occurs lower in the underlying clay and the Betula maxima at a further lower level. 

This shell-bearing stratum was formed during a short section of an early part of 
the Postglacial period but somewhat later than the other Postglacial deposits de- 
scribed in this paper, being the only one entirely later than the 4°, 
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Survey of the constituents of the shell-bearing sediments 


Calcium carbonate, and minerogene and phytogene components 


From the descriptions of the localities it appears that the composition of the shell- 
bearing deposits varies both from locality to locality and within different horizons 
of the same stratum. However, it is characteristic of all the strata that the sediment 
is calcareous which shows that the percentage of calcium carbonate in the water 
must have been high. This is an important condition for a rich occurrence of shell- 
bearing organisms (cf. Boycorr 1936, p. 146 and Hupenpick 1947, p. 494). A 
calcareous sediment, on the other hand, is suitable for preservation of shells. The 
overlying coarse non-calcareous necron mud is not suitable in this respect. Shell- 
bearing organisms have probably occurred in the lakes when this necron mud ac- 
cumulated but no shells have been preserved. They may have been dissolved by 
acidic decomposition products of the great quantities of decaying plasma. 

In some of the samples the calcium carbonate content amounts only to a few per 
cent; in others, again, it closely approaches 100 per cent. As a rule, the percentage 
of calcium carbonate is highest in the middle part of the shell-bearing strata. In 
the lower part, the percentage of minerogene particles generally exceeds the per- 
centage of calcium carbonate. The frequency of minerogene particles mostly shows 
a continual decrease from the underlying marine sediment, which is chiefly blue 
clay. Clay particles thus form the main part of the sediment which was brought to the 
ancient lakes during the first period after their separation from the sea. The clay 
particles must have been eroded from the surrounding ground just emerged from 
the sea; a great part of these particles certainly originates from the very shore of 
the ancient lakes. In this way, marine shells became exposed and dissolved, whereby 
the water of the ancient lakes successively obtained a higher content of calcium 
carbonate. Calcium carbonate was also often supplied from marine shell beds in 
the vicinity. The increase of accessible parent substances of calcium carbonate by 
the exposure and, on the contrary, the decrease of the minerogene parent substances 
had the result that, in time, the supply of calcium carbonate surpassed that of 
minerogene particles. 

The calcium carbonate in the water was partly consumed by shell-bearing organisms 
and organisms incorporating calcium carbonate in their tissues. As the supply, how- 
ever, was so abundant that organisms could not consume all the calcium carbonate, 
the rest was precipitated to a great extent. The precipitates constitute the main part 
of the calcium carbonate in the sediment. It must have been formed when the easily 
soluble bicarbonate lost carbon dioxide. This may have been realized in an abiogene 
way or by assimilation of carbon dioxide by plants. Moreover, certain organisms 
have special ability for precipitation of calcium carbonate, such as many blue-green 
algae among the cryptogams, and many phanerogams, e. g. some Potamogeton and 
Ranunculus species, Nymphaea, Ceratophyllum, and Myriophyllum. Crusts of calcium 
carbonate, such as formed by phanerogams, easily crumble to minute pieces. It is 
generally difficult to state the origin of such pieces. They constitute an important 
component of the calcareous silt of the modern Gotland freshwater sediments (LUND- 
Qgvist 1940, p. 58). 

Vegetation also played an important réle for shell-bearing organisms in other 
respects. The macro-vegetation served as substratum for several gastropoda, and 
algae and phytogene detritus were eaten by the phytophagans and detritophagans. 
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Parts of the fine detritus originate from the micro-vegetation and parts from the | 
vascular plants. There is a certain conformity between the percentage of phytogene 
fine-particles and larger vegetative remains of the macro-vegetation. As a rule, | 
the percentage of phytogene particles increases continually towards the S IJ. 


In sum, in the typical case, the shell-bearing freshwater beds are characterized 
by the fact that minerogene fine-particles dominate the bottom part, calcareous 
sediments the middle one, and phytogene constituents the upper part. Phytogene 
substances grew especially dominating during the last stage of the lakes when veget- 
ation had become so very abundant that a coarse necron mud was formed. 

It may be added that the amount of minerogene fine-particles generally increases 


just towards the S IJ, though in smaller degree than the phytogene components. | 
This is certainly due to diminished supply of calcium carbonate but it may also be | 
due to the fact that aeolian sediments were caught by the vegetation, which, at | 


that stage in the development of the ancient lake, had become more emerse than 
earlier. 


Distribution of mollusc shells 


In most cases the highest frequency of mollusc shells per 100 g of sediment | 
appears in the upper part of the shell-bearing layer — not unusually just below | 
the SII (Pl. III, Figs. 2, 8, and 14). It is possible that the molluscs in the | 
ancient ponds actually were more abundant during this stage than during the | 


previous ones; but it may also happen that this was not the case. There is 
reason to assume that the supply of calcium carbonate — the most important 
component of the sediment — had diminished during this later stage. Since the 
shell frequency is referable to 100 g of sediment, a status quo or even a decrease 
of the molluscan number can look like an increase of frequency if the velocity of 
calcium carbonate precipitation had diminished. Pl. II, F ig. 3 presents a total curve 
which is remarkable in showing no fewer than 4 maxima separated by pronounced 
minima. The absolute maximum falls somewhat below the middle of the shell- 
bearing stratum and a slight maximum appears just below the S JJ. 

The mollusc families, genera, and species may show some conformity as to fre- 
quency in vertical series of samples. However, there exists no far-reaching corres- 
pondence in this respect, as will appear from the following survey. 

The most abundant families are Lymnaeidae (on an average 20 per cent of the 
shells), Planorbidae (30 per cent), Valvatidae (11 per cent), and Sphaeriidae (39 
per cent). The families Succineidae, Physidae, and Ancylidae are represented with 
<1 per cent. The high frequency of shells just below the 8 IZ is most often caused 
by Valvatidae and Sphaeriidae (Pl. IT, Fig. 4 and Pl. III, Figs. 3 and 9). In 
one case, Planorbidae has a pronounced maximum in the upper part of the shell- 
bearing layer (Pl. III, Fig. 15). Lymnaeidae, Planorbidae, and Sphaeriidae form the 
great maximum in the middle of a layer as illustrated in Pl. II, Figs. 3 and 4. 
Striking in this deposit is the fact that Valvatidae reaches one slight maximum 
immediately above the SZ and another very important just below the S IJ but is 
nearly absent in the intervening part of the stratum. In the bottommost part of 
the shell-bearing layers Lymnaeidae, Sphaeriidae, and/or Planorbidae are the most 
abundant families (Pl. II, Fig. 4 and Pl. III, Figs. 9 and 15); in one locality, 
Valvatidae has the highest frequency among the families represented in this horizon 
(BDeLLeBig 23). 
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The family Lymnaeidae is represented by Lymnaea (Radix) ovata (DRAPARNAUD), 
L. auricularia (L.), and Stagnicola palustris (MULLER). Lymnaea ovata occurs as 
f. typica but also as the varieties peregra MULLER and lagotis (ScHRANK) (cf. p. 120). 
It was found in all deposits examined, with a mean frequency of 20 per cent of the 
shells, 1. e. it is one of the most abundant species. L. ovata occurs in all samples and 
has the most equable frequency. L. auricularia, on the other hand, is represented 
in 4 localities only; the mean frequency in relation to all shells comes to < 1 per 
cent. The mean frequency of Stagnicola palustris is also <1 per cent. This species 
was found in 8 localities; it constitutes a rather conspicuous component of the mol- 
lusc fauna in one of them (Rabbalshede). 

The family Planorbidae is represented by Gyraulus arcticus Brox, G. albus MULLER, 
Armager crista (L.), and Hippeuthis complanatus DRAPARNAUD [Planorbis fontanus 
(Ligurroot)]. Gyraulus arcticus is one of the most abundant species with an average 
frequency of 24 per cent of the shells. It was found in great numbers in every de- 
posit with the exception of Klingseréd II, where the frequency is remarkably low 
(on an average < 1 per cent of the shells). Maxima in the frequency of G. arcticus 
were observed both in the lower half of the layers (Plat Pie: and -P]. It.) Bis; 
16) and the middle part (Branstaby); as appears from Pl. III, Fig. 11, very high 
frequency data may further occur in the upper part of the layer. The fact is note- 
worthy that this species, which is considered to be a northern species today, is ab- 
undant in the Fossane deposit which was accumulated somewhat after the A?®, 
thus in the middle part of the Ancylus period (on an average 30 per cent of the shells). 
Contrary to G. arcticus, G. albus occurs in small numbers (< 1 per cent); it was ob- 
served in 6 localities. The highest frequency was found in the middle of the layers 
(Klingserdd IIT and Fossane) and the top (Branstaby). The species was also ob- 
served in the bottom part. Armiger crista is represented by the main type (Armiger 
crista cristata [DRAPARNAUD]) and the variety nautilea (L.); they occur together. 
The species was found in all deposits with a mean frequency of 12 per cent of the 
shells. In several cases maxima appear in the upper part of the shell-bearing stratum, 
even immediately below the S JI (Pl. II, Fig. 5 and Pl. III, Figs. 5 and 16), In 
the same deposits another maximum may occur just above the S J. Sometimes, 
a maximum falls in the middle of the layer (e. g. Rabbalshede). The frequency of 
Hippeuthis complanatus is generally low: on an average about 1 per cent of the 
shells. It was observed in all localities except two. The highest frequency was 
mostly found in the upper part of the layer (PI. I, Fig. 5, Pl. III, Fig. 11, and Bran- 
staby); the maximum can also fall in the middle (PI. III, Fig. 5) and in the bottom 
part (Pl. III, Fig. 16). 

The family Valvatidae is represented by Valvata cristata Miituer and V. pisci- 
nalis MULLER. The mean frequency of V. cristata is 11 per cent; the species was found 
in 8 localities. Maxima occur both in the upper and the lower part of a deposit 
(Pl. Il, Fig. 4 and Pl. III, Fig. 3). The highest frequency can also be attained either 
in the upper or the middle part (cf. Pl. IL, Figs. 9 and 15). V. piscinalis was only 
observed in 4 localities (average frequency about 2 per cent of all shells). In two local- 
ities this species was rather common (Branstaby and Klingseréd II, Pl. III, Fig. 4); 
in the latter locality its frequency conforms mainly with that of V. cristata. 

The family Sphaertidae is represented by Sphaeriwm corneum (L.) and seven 
species of the genus Pisidiwm. Sphaerium was found in all deposits examined, 
except two. The frequency is generally low; on an average about 1 per cent of the 
shells. In one locality it has a pronounced maximum in the bottom part of the 
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layer (Pl. III, Fig. 17). This species may also be represented in the middle of the | 
layers and close to the S JZ. Among the Pisidia, P. nitidum Jenyns and P. milium | 


HE p are the most abundant. On an average, the first species, found in all deposits, 


is represented by 11 per cent and the latter, absent in one locality, by 9 per cent _ 


of the shells. They are not unusually very frequent both in the top and in the bot- 
tom section of the layers. P. nitedum, especially, seems to have the capacity of 
enduring, without difficulty, the bad conditions which appear towards the dis- 
appearance of lakes. P. maliwm is often represented by the variety wnioides WESTER- 
LUND. The remaining species of Pzsidiwm occur with mean frequencies varying be- 


tween <1 and 3 per cent of the shells. P. obtusale PrrrrreR was observed in all | 
deposits except two; the average frequency is about 2 per cent of the shells. The curve 
of frequency of this species may occasionally have a similar course with those of | 


P. mtidum and P. malium (PI. II, Fig. 7). P. subtruncatum Mato is represented in 8 
localities with a mean frequency of about 1 per cent. The frequency curve of this 
species runs in a way somewhat different from those of the Pisidia just mentioned. 
This also applies to P. hibernicum WESTERLUND. Its maximum occurs either in 
the bottom part (Pl. III, Fig. 6) or in the upper one (PI. II, Fig. 7); the frequency 
may also be about the same throughout the stratum (PI. III, Fig. 10). It was ob- 
served in 8 localities with an average frequency of 3 per cent of all shells. P. lillje- 
borg CLESSIN was found in 9 localities; it shows a low frequency (1 per cent in average). 
This species appears with a maximum frequency in the bottommost part of the layers 
(Pl. II, Fig. 7 and Pl. III, Fig. 6); in others, again, it occurs only in the upper half 
(Fossane [p. 140] and Pl. III, Fig. 10). P. henslowanum SuepparD, appearing in 
two localities with a mean frequency < 1 per cent of the shells, was observed only 
in the upper half of the strata (Pl. II, Fig. 7 and PI. III, Fig. 6). 

The families Succineidae, Physidae, and Ancylidae are represented by one species 
each; Suceinea cf. putris L., Physa fontinalis (L.), and Acrolorus lacustris (L.), re- 


spectively. They were observed in 3, 7, and 8 localities resp. The mean frequency _ 


in relation to all shells is <1 per cent. Physa and Acroloxus generally occur in 
the middle and upper part of the shell-bearing strata. 


We shall now investigate whether the representation and vertical distribution | 


of the molluscs are consequences of climate. If this factor was of main importance, 
this would have been demonstrated in such a way that the species would have oc- 
curred exclusively or with remarkably high frequencies in periods with a climate 
corresponding to that of their present habitats. For this purpose I have collected 
in the table on p. 145 the average frequency of the species in the different localities. 
(The oldest locality to the left and the latest to the right; the intermediate arranged 
between them.) 

Most of the species are very eurythermal. Their distribution as shown in the table 
is certainly not a consequence of climate. Differences in their frequency among the 
deposits, and fluctuations in their vertical representation within the same layer must 
have been caused by local conditions. Some other species have a southern range, such 
as Gyraulus albus, Hippeuthis complanatus, and Acroloxus lacustris. They do not 
occur in the Floghult locality but appear in the oldest parts of the next younger 
group of localities. Their absence in the Fléghult samples may be a consequence 
of climate, but this can scarcely be proved owing to the smallness of the samples. 
The different frequency of the species in the remaining localities is certainly due to 
accidental circumstances and local conditions. 

The ability of dispersal and some ecological demands of the species represented 
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may also be briefly discussed on the basis of the present material. The first question 
may be elucidated by examining whether some species have the capacity of rapid 
occupation of lakes just separated from the sea. The table on p. 146 gives the fre- 
quency of the species observed immediately above the MLB (the frequency of the 
species which occur immediately below the 8 JI are printed in italics; these data 
will be discussed later). It appears that only 3 of the 20 species observed were not 
found immediately above the MLB in any deposit: Succinea cf. putris, Lymnaea 
auricularia, and Pisidium henslowanum. The other species are represented in the 
following way: one locality: Stagnicola palustris and Physa fontinalis; two localities: 
Gyraulus albus and Acroloxus lacustris; three localities: Hippeuthis complanatus, 
Valvata piscinalis, Sphaerium corneum, and Pisidium lalljeborgi; four localities: 
Pisidium subtruncatum; five localities: Valvata cristata and Pisidium hibernicum; 
six or all localities: Lymnaea ovata, Gyraulus arcticus, Armiger crista, Pisidium 
mitidum, P. obtusale, and P. milium. 

The last-mentioned group obviously consists of species with especially great 
ability for occupying new lakes. Lymnaea ovata may be mentioned first among 
them, not only for the reason that it shows the highest average frequency just above 
the MLB but also on account of its rather uniform abundance in this horizon. 
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The notion “ability of dispersal’ is complex; several factors are of importance 
for the spread of lacustrine organisms. In the first place, the rapid occupation of 
new lakes and ponds is favoured by a high frequency of the species in the waters 
of the surrounding districts. We have found that the lakes here considered were 
invaded by a mollusc fauna very soon after their genesis. At least the most abundant 
of these species were certainly common in the surrounding lakes. Furthermore, 
the possibility of transport is of great importance. The lakes discussed do not seem 
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to have been in connection with other waters. The question has not been entirely | 
cleared up how migration into such closed lakes takes place, but the idea is current 
that the transport is performed by sea birds to a great extent. Small species, such | 
as the majority of those in the present deposits, may have good chances of being | 
transferred by birds from one lake to another. Finally, the result of the dispersal | 
is dependant on the ecological demands of the invading species and the ecological 
conditions in the new waters. The present material may indicate, to some extent, 
how the present species react for some ecological factors, viz. supply of calcium 
carbonate and nourishment and the water’s content of clay particles. These ques- 
tions shall be briefly touched upon. 

The ecological conditions were certainly different during different stages in the 
development of the lakes. There is reason to assume that they were less favourable 


during the earliest and latest periods than during the middle one. Species occurring | 


in the bottommost and topmost parts may be more indifferent in ecological respect 
than such occurring only in the middle section. From the table below showing the 
mollusc representation just above the MLB and just at the S JJ (figures in italics), 


it appears that the same species occur both in the bottom and the top sections of | 


the shell-bearing layers, with the exception of the rare species Lymnaea auricularia | 


and Pisidium henslowanum, which were observed only in the top section in one 
locality each. Furthermore, those species which are often abundant just above 


the MLB are also abundant just at the S JJ. The average frequency of three of | 


these species has decreased (Lymnaea ovata, Gyraulus arcticus, and Pisidium milium) 
and that of another three has increased (Armiger crista, Valvata cristata, and Pisi- 
dium nitedum). These changes are not uniform, however; in the former group the 
frequency has increased in some deposits and in the latter the case is just the reverse. 
This applies also to most of the less abundant species the average frequency of 
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which is usually highest in the top. Three species, however, show no such fluctua- 
tions: Physa fontinalis, Hippeuthis complanatus, and Acroloxus lacustris. In some 
cases they have the same frequency in the bottom and the top sections; but their 
frequency is highest in the top section for the most part. In no case is the frequency 
highest in the bottom part. 

We shall first consider those species which do not occur just above the MLB 
(Lymnaea auricularia and Pisidium henslowanum). The high percentage of minero- 
gene fine-particles in the water during the first time after the separation of the 
lakes from the sea might have been unfavourable. Moreover, the supply of calcium 
carbonate might have been insufficient during this early stage, as these species 
are calciphile (Boycorr 1936). Against that argues the fact that the caleiphile 
species Stagnicola palustris is abundant just above the MLB in one locality (Rab- 
balshede). However, the scanty representation of these species does not permit 
definite conclusions in these respects. Their presence during later stages in a few 
lakes may not have been caused by a better supply of calcium carbonate, since the 
sediments containing their shells are not different from those which are devoid of 
them. Nor have special thermal conditions caused their appearance in a few lakes. 
Most likely, these species were rare in the surroundings and the chances of dispersal 
were thus restricted. This may also be an important reason why Stagnicola palustris 
occurs only in two deposits. This species, which is eurythermal and calciphile, could 
certainly have found appropriate conditions in all the lakes investigated. This 
is indicated by the fact that it was rather abundant in those localities to which it 
happened to be transferred. 

Secondly we shall consider some species which have the highest frequency in the 
top of the strata but are generally absent just above the MLB: Physa fontinalis, 
Hippeuthis complanatus and Acrolorus lacustris. Since phytogene fine-particles 
are most abundant in the upper part of the strata the good supply of food may be 
assumed to have been an important reason for the abundance of the species there. 
Furthermore, the increase of the macrovegetation, which is a suitable substratum 
for Physa and Acrolorus, may have been of importance. It is noticeable, however, 
that these species accompanied each other since Physa lives in agitated water, 
whereas Acroloxus definitely prefers stagnant surroundings acc. to Boycorr 1936, 
pp. 142 and 145. In the present case the water was stagnant. As regards Physa, 
other factors — in the first place very likely a good supply of food and a suitable 
substratum — may thus have given the demands of an agitated water a secondary 
importance. HuBENDICK (1947, p. 476) found that, in southern Sweden, the species 
is more characteristic of lakes than of running waters. Concerning Hippeuthis and 
Acroloxus, the demands of a rich supply of calcium carbonate have possibly been 
resigned. These species are considered calciphile (Boycorr 1936), but they have 
apparently borne the decrease in calcium carbonate supply which occurred during 
the formation of the uppermost part of the shell-bearing layer. It is, however, 
impossible to decide whether the percentage of calcium carbonate in the water was 
below that which is necessary for these species. They may possibly owe their absence 
in the Fléghult deposit to that reason. 

In a third group the remaining species may be ranged which are more or less 
abundant both just above the MLB and in the uppermost part of the shell-bearing 
strata. These species may be very indifferent in ecological respects. They had, 
apparently, the ability to endure the great supply of clay particles during the first 
period of the lakes as well as the imperfect supply of nourishment which can be 
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supposed to have existed during this stage. They held their positions during the | 
favourable middle period of the lifetimes of the lakes. At that stage the supply 
of calcium carbonate was very good and that of food obviously also sufficient. | 


The quantities of decaying plants were not yet so large that the oxygen in the water 
was greatly consumed by the decomposition. During the following stage the species 


profited by the good supply of food. It is also probable that some of the enemies | 


of the molluscs, e. g. the fishes, had disappeared at that time. On the contrary, 


some important disadvantages had appeared. The calcium carbonate supply had | 
diminished, and the humus substances had increased. The oxygen was used up | 


to a great extent by the decomposition of great quantities of plant remains. The 


content of sulphur had likely increased in the stagnant water. The peril of drying | 


up was great. The vegetation was very dense which has been stated to be unfavour- 
able for gastropods (Boycott 1936). Species living in such surroundings must have 
special ability to endure bad conditions. 


Summary. The frequency.of some species and also of higher taxonomic units 
has undergone conformable and synchronous changes. But the material also gives 
examples of different groupings of species and various changes in proportions and 


order of succession, We found that only a restricted number of species lived in each | 


ancient lake, as is the case in such lakes in our day too. Moreover, the mollusc fauna 
chiefly consisted of the same species in the different lakes — mainly the same species 
as those living in small lakes in the greater part of Sweden today. Most of these 
species were, as a rule, abundant all through the shell-bearing strata. Data pre- 
sented above indicate that they are very indifferent in ecological respects; as regards 
some of them, this has also been shown in recent surroundings. One might imagine 
that these species had to withdraw during the middle period of the lifetime of the 
lakes on behalf of other species favoured by the better ecological conditions which 


were apparently prevailing during that period. The fluctuations of their frequency | 
curves are, however, not caused by such circumstances. They give the impression | 
of being more or less accidental, induced during a continual competition within a — 


limited area. As soon as the frequency of one or more species had diminished for 
some reason, other species seized the opportunity to increase in number. It is com- 
prehensible how accidental such changes can be, when we consider that sea birds, 
during a few years, are able to destroy the mollusc fauna in small lakes to a great 
extent. Fishes also can reduce the numbers of one or more species. Infant sus- 
ceptibility is high among molluscs and mortality in the young can strike one species 
more than another or a group of species more than others. Thus I cannot find that 
there are possibilities of establishing the causes of these various changes in frequency 
of molluscs in the ancient small lakes, any more than the reason is always known 
why representation and frequency are changing from time to time in modern waters. 


Distribution of ostracod shells 


Shells of ostracods were observed in all deposits, except one (Korndalen). They are 
referable only to a few species listed in the table on p. 149. The ostracod fauna is 
represented by shells belonging exclusively to the genus Candona in six localities; 
three other deposits also contain Pionocypris vidua (MULiER). Only in one locality 
are the ostracods more abundant in species and individuals (Fossane). 

The Candona shells occurring are hardly determinable specifically, For this 
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reason they are mentioned by the name of Candona sp. The majority of them are 
probably referable to Candona candida (MULLER); but shells of Candona neglecta 
Sars are possibly also present. 

The Candona shells are in the maj ority in all deposits. As a rule, their frequency 
increases upwards in the strata. In deposits poor in ostracods single Candona shells 
may occur in any part of the bed. They have been observed even in brackish and 
sea water sediments. The latter phenomenon was observed at Kalstad (p. 120). 
Also in the other species an increasing frequency towards the top of the shell-bearing 
strata was observed, with the exception of H erpetocypris reptans BAIRD. 

The fact that the number and the individual frequency of ostracodal species had 
increased considerably in the Fossane locality which is younger than the remaining 
ones is possibly a consequence of climatic amelioration. 

Marine species were found in the lacustrine part of several deposits: Hemicythere 
emarginata Sars, Cytheridea papillosa Bosqust, and especially Cythere lutea MULLER. 
They are obviously redeposited from marine deposits. They are sometimes fairly 
numerous in the bottommost part, but may also appear in the higher sections of 
the shell-bearing layers, though decreasing in number upwards (cf. Klingseréd II). 
A brackish water form — Cyprideis littoralis Brapy — was found in one locality 
(Hjelpedsten). 

_ Average number of species observed in each deposit (Kalstad only qualitatively 
investigated): 
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The ecology of freshwater ostracods is imperfectly known. On account of the 
scanty representation the above material can hardly contribute to a better know- 
ledge in this respect. It indicates, however, that Candona has obviously a great 
capacity for enduring different ecological conditions, judging from the fact that 
it was found in brackish water layers and in all parts of the calcareous freshwater 
deposits. 

The fact that the ostracods, as a rule, are most abundant in the upper part of the 
shell-bearing layers may have been caused by the good supply of nourishment con- 
sisting of decaying plant remains and dead molluscan bodies; vegetation and. mol- 
luses were very abundant during that period. Some other ecological conditions 
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were, however, not favourable: the supply of oxygen was certainly poor and the 
percentage of sulphur, on the contrary, rather high on account of decomposition 
of great quantities of plasma. In addition, the supply of calcium carbonate had 
diminished. Thus, the freshwater ostracods here considered seem to be rather in- 
different as regards several ecological factors; but, a good supply of food is apparently 
very important to enable them to thrive. In studying living ostracod communities 
I have found that they have a remarkable ability to endure very bad conditions 
in the stagnant water of small and shallow ponds and ditches. 


Other freshwater organisms 


Statoblasts of Cristatella cf. mucedo are abundant. Eggs of Turbellaria rhab- 
docoela and a kind of cocoon generally ascribed to Dendrocoelum lacteum were often 
found. Cocoons belonging to Chaetogaster were noticed in one locality. Ephippia 
were observed rather often; their appearance corresponds closely to that of Daphnia 
pulex. Fragments of insects were also often found. A rather well preserved coleopter 
was observed in the Kalstad deposit. Remains of fish skeletons appear in practically 
all the shell-bearing layers. 
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Vegetation 


In the latter part of the 19th century and the beginning of the present the 
Quaternary distribution of vascular plants, inter alia hydrophytes, was studied 
by several scientists. In this way they intended to elucidate the development of 
Quaternary climate and also to elaborate a dating scheme. As a consequence of 
the fact that pollen analysis has appeared to be superior for the purpose of dating, 
the interest in the macrofossils of plants diminished, however. Yet, there is reason 
to continue the investigation of them. Intense studies during recent years of the cor- 
respondence between hydrophytes and the chemical and physical conditions of the 
water have increased the possibilities of basing conclusions as regards the hydrology 
of ancient lakes on the remains of their flora. The aim of my investigation into the 
plant life of the ancient lakes here considered was above all to obtain a knowledge 
of the surroundings where the shell-bearing organisms lived. In addition, the floristic 
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data in this paper may be of some value in future investigations which have the 
main purpose of studying the development of our hydrophyte flora during the 
Quaternary. The following table is a survey of the species observed: 


Branstaby 
Klingseréd I 


Floghult 
Asker6éd 
Kalstad 
Rabbalshede 
Stuvangen 
Hjelpedsten 
Korndalen 


Klingseréd I 


Q 
a 
2 
5 
° 
ue) 
ion 
“<q 
si 
& 

| 

1 

! 

! 

1 
oF 


hy 
gs 
3 & 
s) 
SUS 
oS 
sc 
28 
sh 
> 
OF sn 
Ss & 
s 
ce 
>, * 
bore 
OS 
=, 
ao 
Re 
em} 
©: 
ape 
(hy 6 
A: 
| 
i 
| 
T 
! 
T 


» SIMS: bata od Botan a, cra Cae eee Seen ti +] + 
DUCT OSICLIALOMN OCH A Ene ey 0) ae L = +} + 
» SyEOICUe Ca ONCE NES ae, Seen ns nae ae =i 

» S12 Gis Cophcn Saas, cae. SENET eee AS ORR ER ai 


INORO MUNGT OG AOE 6 «Nike Te areas, Ree ens ane ie + f+ 
Alasma plantago-aquatica L. .........- 0c cece. + 
i@atabrosa) aquatica (Ia) PB. ........-.-..2..o ae 
PS GULITUS MUCEAUSTT ISELIN aaa ees bere? oi io anh ae peo | ae 
» PROT QUT CS Vr cas tyne Beas yh ties bec oes als + | + + 
» SIO ase tees Se iS Bee oh eae ee 
?Rhynchospora alba (L.) VAHL................. aE + 
(COMCE Ob LUNG a5 (CLC 4s on oe do ane RE ae 
» ef. hornschuchiana HOPPE .............. =F 
Pu CU ay OULC hellagILONINKS aiem eo. v i. aade oe ae 
IR COLO SCONE NUR Be Ms ta eae eles oe, ate sl ok tte L 
» SS [Duma cer ietretots Tarthew mete acto NN & og feast ee poe iat + T T T 


Y 
Ss 
> 
ley 
~ 
nH 
n 
‘S 
++ 


» Che (OV ChRO DOOR: Wise sete tee be ooo On ae + 
» SD avispotiatrerpene stave ee aekoeee atone cdets ale 
Cael Ue SIO Tt hsdit plea besos 8 els be dialaah i wise oats + 
1Montia lamprosperma CHAM.................. 
NGG DRCOG: NRE SEER eee sect se ll ap a) 321) Se Se “ 
Ceratophyllum submersum L.............0400.. a i ae 
Ranunculus cf. peltatus SCHRANK.............. =a fe 
» (50) Chis. Geuchcre cit ue Ons Caw rao trete tin cae ase =a 
COMMITEE FUEGO Wass Oak ob AOU Beene ee ae 
MOTORIST CCR 6 ROS Te ee ae 
Myriophyllum spicatum L.”..............+6+2- 
» Clete niflOneim™ lass -teaccresesen ee 
JESS DOES BUMTTFUS Wises 65.0 6. Dao ne eee Ome 2 se 
\} ERC CRPUID. TRO Ie eho oe ee nana 
Arctostaphylos wva wurst SPR.........-00 eevee ae 
Naumburgia thyrsiflora RoHB....../.......... aie ai 
fenyonthes trifoliata 0.0. oa oe ois one ia a. 42 ap se ae 
LUSCH ROS QUOPMIGIS: We ovo ba case be Oa Ae Oboe ae 


1 151 


I. HESSLAND, Calcareous freshwater sediments from northern Bohuslain 


The table below shows the average frequency of the genera in the deposits. (Kal- | 
stad is excluded, since the examination was only qualitative.) 
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Most of the species are autogene. Seeds of such species as Pinus, Betula, Hm- 
petrum, and Arctostaphylos are, on the other hand, allogene — carried there by winds, 
running water, or by birds. One or other of the gramineous seeds is certainly also 
allogene. 

About 50 per cent of the species were found only in one locality, and about 40 
per cent in 2-4 localities. Ten per cent were found in 6-8 localities. No phanerogam- 
ous species were observed in all deposits. A comparison with the distribution of 
the genera shows that about 75 per cent of them are represented in 1—4 localities. 
The rest occur in 5-11 localities. The average frequency of the genera is generally 
low: about 80 per cent of them have a frequency < 1 fruit per 100 g sediment and 
15 per cent occur in an average number of 1-2. Only Potamogeton has a high fre- 
quency (on an average 24 seeds per 100 g sediment). This genus and the Charo- 
phytes are represented in all the deposits. 

It may be of interest to see to what extent species migrated into the new ponds 
immediately after their formation. These species are mentioned in the first column 
of each locality in the table on p. 153. The last column presents the species found just 
at the S JZ. The middle one shows the mean frequency in the samples between the 
bottommost and the topmost ones. (Betula and Arctostaphylos are certainly allogene.) 
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The Charophytes are not mentioned in the table above. This group is represented 
by oospores in all deposits; they occur at the MLB, the S IJ , and in the intervening 
horizons. They were also observed in marine sediments just below the MLB (Kal- 
stad). This obviously coincides with the fact that several species are halophilous 
(OLsEN 1944, pp. 189 and 204). Since the Charophytes were not determined, I can- 
not say whether the species from the marine or the brackish water sediments are 
identical with those occurring in the pure freshwater layers. Differences in the 
appearances of the oospores were not discernible; but this does not mean that they 
belong to the same species, since it may hardly be possible to determine oospores 
specifically. As a rule, the frequency is much lower at the MZB and at the S JI 
than in the intervening part of the deposits where the content of calcium carbonate 
is higher. In a few deposits it was observed that oospores appearing in samples with 
a high content of calcium carbonate were freely encrusted, and, on the contrary, 
that those occurring in samples with an inferior content — bottom and top sections — 
were not covered with calcium carbonate. In the greater number of deposits the 
oospores were not encrusted, however, in spite of the fact that the sediment is partly 
very calcareous. The abundance of Charophytes in these ancient lakes is certainly 
due to the fact that the water had a considerable content of calcium carbonate (cf. 
OLSEN 1944, p. 201). Moreover, the abundance of Charophytes indicates that the 
action of the water was very slight (cf. OnsEN 1944, p. 190). 

One phanerogamous species was observed in the uppermost part of the marine 
section of one stratal sequence, viz. Scirpus maritimus (Branstaby). This species 
is today “am ausgepragtesten an die Meeresbuchten gebunden. In siissem Wasser — 
— nur ganz vereinzelte Standorte”’ (SAMUELSSON 1934, p. 24). It has been observed 
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to live in lakes and ponds separated from the sea; in some cases it has been proved | 
that sodium chloride was supplied at high water or by the ground water. SAMUELS- | 
son also mentions that the species has been found in lakes above the highest | 
marine limit; in these cases the water is calciferous. SAMUELSSON states that the | 


calcium carbonate compensates the sodium chloride; the species should not be ex- 
clusively calciphile. The present investigation shows that Scirpus maritumus was 
fairly abundant in lakes separated from the sea; the high percentage of calcium 
carbonate in the water may have been one important reason for that. 

Some of the species mentioned live today not only in freshwater but also in brackish 
water: Potamogeton pectinatus, P. filiformis, and Myriophyllum spicatum. They 
occur not only just above the MLB, but also in the middle and upper parts of the 


calcareous strata. They are very calciphile; to other nutritious substances both | 


the Potamogeton species are stated to be rather indifferent, whereas Myriophyllum 
is stated as oligo-eutrophic (SAMUELSSON 1934, pp. 30, 58, and 57). 


The rest of the species occurring just above the MLB are pure freshwater species | 
(Potamogeton obtusifolius, *Catabrosa aquatica, Carex sp., Comarum palustre, Myrio- | 


phyllum cf. alterniflorum, Nymphaea alba, Scirpus lacustris, Menyanthes trifoliata, and 


Ranunculus cf. peltatus). Some of them are abundant in the middle and upper | 
parts of the strata, viz. Potamogeton obtusifolius, Nymphaea alba, Scirpus lacustris, | 
and Menyanthes trifolata. The occurrence of Menyanthes just above the MLB in | 


one locality is an exception; as a rule, this species seems to have migrated into the 
lakes first during their later existence. None of the species seems especially to require 
nutritious salts. The content of calcium carbonate in the water was apparently not 
an important reason for their immigration. Two species (Myriophyllum alterniflorum 


and Ranunculus cf. peltatus) may instead be said to have migrated in spite of the. 
fact that the water was calciferous; they are considered to avoid calciferous waters, | 


though they have also been found in such surroundings (SAMUELSSON 1934). 


A few species were not found in the bottom part of the shell-bearing layers but | 
higher up, viz. species referable to Potamogeton and Carex in the first place. The | 


Potamogeton species (P. gramineus, P. natans, and P. perfoliatus) are rather eutro- 
phic; the last-mentioned also occurs in brackish water (SAMUELSSON 1934). 

A few species of special interest were observed in separate samples in some de- 
posits. Among them is Ruppia which was found in three deposits. R. rostellata 
was the most abundant, R. spiralis, on the contrary, was very rare. Nowadays 
these species live in salt or brackish water. In our deposits the fruits were found 
in the lower part of freshwater strata. Whether they are redeposited or the 


specimens really lived in the ancient lakes may be difficult to decide. Since all | 
the samples with the exception of one (Hjelpedsten) contain redeposited marine _ 


shells the fruits of Ruppia might be suggested to be redeposited, too. The fact that 
the long and fragile fruit stalks are generally unbroken argues against redeposition, 
however. 

Among the species which attract special interest are also Zannichellia repens and 
Najas marina. In our day these species occur in brackish water for the most part, 


but during earlier periods they seem to have lived in fresh water to a greater extent | 


than today. Zannichellia was observed only in one locality (Korndalen). The la- 
custrine sediment is here mixed up with rather a large number of marine shells. 
The fruits of Zannichellia may also be of marine origin. Najas was found in two 
localities (Hjelpedsten and Stuvangen). At Hjelpedsten it occurs in all samples 
with a high frequency. Najas is here the most abundant species (on an average 
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18 fruits per 100 g sediment). At Stuvéngen the frequency is not so high. In both 
the localities the fruits were found in samples with redeposited marine shells and 
also in those without such. The latter are in majority. Najas obviously lived in 
fresh water here. It was possibly favoured by the high content of calcium carbonate 
in the water. 

Some more species will be briefly mentioned. 

Potamogeton praelongus was found in some deposits. It is not very eutrophic but 
possibly favoured by calcium carbonate. Today it seems to be rather common in 
this area. 

Potamogeton trichoides lives in the present day, within Scandinavia, chiefly in 
the Scano-Danian area. It occurs in calcareous water and is obviously rather in 
need of nutritious substances. This species was found in two Bohuslain deposits 
(Hjelpedsten and Stuvangen). The reason for the appearance of Potamogeton tri- 
choides may be a favourable climate, but, perhaps in the first place, appropriate 
nutritious conditions. It still occurs in some localities in the surroundings of 
Goteborg (SAMUELSSON 1934, p. 98). 

Ceratophyllum submersum was found in the same deposits as was Potamogeton 
trichoides. It shows similarities to this species in distributional and ecological re- 
spects. During earlier Quaternary periods the distribution of this species was more 
northern than today, when, in Scandinavia, it is practically restricted to Denmark. 
This retreat may, in the first place, have been caused by deterioration of ecological 
conditions (Hmesstanp 1946). The ecological demands of Ceratophyllum submersum 
are not perfectly cleared up, but the species is considered eutrophic and in need of 
calcium carbonate. 

Lycopus europaeus — observed in one locality (Hjelpedsten) — had also a wider 
distribution during earlier periods. This is generally considered to be caused by 
the amelioration of climate. 

The remaining species are of minor interest. They occur sporadically. A few 
of them are uncertain as to the determination. Some are allogene. Those autogene 
are rather indifferent in ecological respects. 

I had expected to find two further species, which are of importance in Quaternary 
geology: Cladium Mariscus R. Br. and Najas flexilis (WiLL). The ecological con- 
ditions of the lakes investigated may have been favourable for them. Subfossil 
Cladium has been found in this area before (v. Post 1925). Najas flexilis, on the 
other hand, has not been observed here (SANDEGREN 1941). I actually found some 
seeds of Najas with rows of oblong tissue cells, but these specimens were worn so 
that the cells in reality belong to the sub-cortical layer. The multiangular cortical 
cells typical of Najas marina did, however, appear in certain better preserved sec- 
tions. Thus, these specimens are referable to Najas marina. The most northern 
localities of subfossil Nagas flexilis in western Sweden hitherto known are situated 
in the surroundings of Goteborg (SANDEGREN 1941, map p. 63). 


Summary. The most common plants in the small ancient lakes investigated are 
Charophytes and Potamogeton species. The abundance of Charophytes indicates 
that the water was tranquil. The presence of these organisms and of fanerogamous 
species doing well in eutrophic waters with a good supply of calcium carbonate in- 
dicates, furthermore, that the ancient lakes offered favourable conditions for eutro- 
phic plants. Recent lakes with such a vegetation are distinguished by an abundant 
molluscan fauna. 
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Climatic evidences of the fauna 


Important data as regards Quaternary climate might be expected to be gained 
from subfossil shell-bearing freshwater organisms. Earlier, this idea was current; 


molluscs especially were investigated on that account. Most of these investigations | 


are rather old, and the datings are hardly perfectly reliable which, of course, dimin- 
ishes the climatologic importance of the finds. Later finds, dated by means of pol- 
len analyses, are more important in this respect. Unfortunately, however, only 
little attention has been paid to the zoogene constituents in the shell-bearing fresh- 
water sediments during the most recent decades, though such deposits have been 
observed in great numbers in different parts of Sweden, especially during field works 
for geological maps. Many of them have been accurately dated by means of pollen 
analyses. 


The thermal demands of several mollusc species are rather well known, but other 
species are incompletely investigated in this respect. The knowledge of freshwater 
molluscan distribution within Sweden is based to a great extent on the researches of 
WESTERLUND during the latter part of the last century. Later finds kept in the 
Swedish State Museum are partly unpublished, but some of them are given by 
HuBENDICK 1947; however, Prof. N. ODHNER and Dr. B. Huspenpick have informed 
me about the distribution of those which were not published by Husenpick. The 
distribution of freshwater molluscs in Norway is very imperfectly known, but in 
Finland their occurrence has been better investigated. 


Our knowledge of the present distribution of freshwater ostracods in Fennoscandia 
is still more imperfect than that of the molluscs. Literary data on their recent 
distribution are very few on account of scanty field investigations.! The Quaternary 
representation is particularly imperfectly known. As ostracods are widely spread 
in lakes, ponds, and ditches, stenothermal species will certainly be useful as climatic 
indicators after their thermal demands have become better known. Unfortunately, 
shells of the widely dispersed genus Candona cannot be utilized for this purpose, 
since these shells are hardly determinable with certainty. 

The freshwater species belonging to other animal groups observed during this 
investigation are few and of minor interest in this connection. 

As a matter of fact, highly eurythermal species are not suitable as climatological 
indicators. A future revision of such species may, perhaps, lead to the distinguishing 
of climatologically restricted subspecies or varieties. Until then, we must employ 
collective names, and desist from using these species for conclusions as regards 
Quaternary climate. The following species may thus be excluded as unsuitable 
climatic indicators on account of their being considered highly eurythermal. (Dis- 
tribution of molluscs mainly in accordance with EHRMANN 1933, GrvER 1927, Hv- 
BENDICK 1947, and with information given by Prof. N. OpHNER and Dr. B. HuBEn- 
DICK; distribution of ostracods in acc. with ALM 1915, Sars 1922-1928, and oral 
communication by Dr. O. Enorson.) 


1 “Monographie der schwedischen Sitisswasser-Ostracoden”’ by Aum (1915) is the most com- 
plete paper on Swedish freshwater ostracods. Earlier, our principal literature on that subject 
consisted of some papers on ostracods by LitLyEBoRG. During this century, Ekman (in addition 


to Atm) has enlarged our knowledge of the present distribution of freshwater ostracods in Sweden 
as well as of their biology. 
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Succinea cf. putris: Not determined with certainty, since shell characters are hardly 
sufficient to distinguish Swedish Succinea species. The range of S. putris includes 
the whole of Fennoscandia, except the most northern parts of Sweden, Norway, 
and Finland (ODHNER). 

Lymnaea ovata and Stagnicola palustris: All Fennoscandia. 

Valvata piscinalis: Found in northern Swedish Lappland; the same latitude in Fin- 
land (HUBENDICK). 

Sphaerium corneum: Distribution mainly = that of Valvata piscinalis (HUBENDICK). 
ODHNER thinks that S. cornewm has partly been confused with S. nitidum. 

Pisidium nitidum, P. lilljeborgi, P. milium, and P. obtusale: All, or practically all 
Fennoscandia. 

Pisidium haberncum and P. subtruncatum: Apparently known from the whole of 
Norrland (ODHNER). 

Pisidium henslowanum: Apparently not the whole of Norrland (ODHNER). 

Pionocypris vidua, Heterocypris incongruens, and Candona sp.: Apparently all Fenno- 
scandia. The Candona shells may chiefly belong to C. candida and a few to C. 
neglecta. Both these species are found in practically all Fennoscandia. 


Most of these species were found in the Fléghult deposit which was accumulated 
during the retreat of the Ice from the Bergslagen in the middle Sweden to Jamtland; 
the remaining species appear in strata accumulated during the latest part of this 
recession. 

The following data may give an idea of the earliest appearance of the species now 
mentioned in other parts of southern Sweden: 


Succinea putris: Boreal in Scania (ODHNER 1910). 

Lymnaea ovata: In Scania late-glacial (ODHNER 1910: sub-Arctic; KurcKx 1917, 
pollen analyses cf. IsperG 1929 and Ninsson 1935, p. 429: Boreal and possibly 
older). In Gotland Arctic and sub-Arctic (ODHNER 1910). In Vestergétland Arctic 
(ODHNER 1910). In addition known from a great number of localities of various 
ages in different parts of Sweden. 

Stagnicola palustris: In Scania late-glacial (ODHNER 1910: sub-Arctic; KurcK 1917, 
pollen analyses cf. Ispura 1929 and Nitsson 1935, p. 429: Boreal). In Gotland 
late-glacial (ODHNER 1910: Arctic and sub-Arctic; Munrae—-HEepE—LunDeVIST 
1927, p. 86: Boreal [pollen analysis]; Munraz—Hrpr—v. Post 1925, p. 64: in 
Ancylus deposits). 

Valvata piscinalis: In Scania late-glacial (ODHNER 1910: sub-Arctic; Kurckx 1917, 
pollen analyses cf. IspeRG 1929 and Nitsson 1935, p. 429: sub-Arctic and Boreal). 
In Halland sub-Arctic (ODHNER 1910). In Gotland in Ancylus deposits (MUNTHE- 
Hepe-v. Post 1925, p. 64). In Ostergétland late-glacial (Macnusson-MuNTHE- 
RosEn 1922, p. 100; SanDEGREN—SunDIvs 1926, p. 85: Boreal [pollen analysis]). 

Sphaerium corneum: In Scania late-glacial (Hoxst 1911, p. 91; MuntHEe—JoHANSSON 
—GRONWALL 1920, p. 135; ODHNER 1910: sub-Arctic; KurcK 1917, pollen analyses 
cf. IsszrG 1929 and Nixtsson 1935, p. 429: sub-Arctic and Boreal). In Gotland 
and Uppland Boreal (OpHNER 1910). In Ostergotland late-glacial (Macnusson— 
Muntue-Rostn 1922, p. 103 f.: above the Ancylus limit; SanpDEGREN-SuUNDIUS 
1926, p. 85: Boreal [pollen analysis)). 

Pisidium nitidum: In Scania late-glacial (KuRcK 1917, pollen analyses cf. IsBerG 
1929 and Nitsson 1935, p. 429: sub-Arctic and Boreal, cf. Kurox op. cit., p. 
53 f.; Munrue—JoHansson-GRONWALL 1920, p. 135). In Gotland late-glacial 
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(ODHNER 1910: Arctic and sub-Arctic; MunraE—-Hepr-v. Post 1925, p. 63: An- 
cylus deposits; Muntae-Hepe—Lunpevist 1927, p. 86: Boreal [pollen analysis]). 
In Ostergétland Boreal [pollen analysis] (SanDEGREN-SunpIus—Lunpevist 1924, 
p. 67). 

Pisidium lilljeborgi: In Scania late-glacial (MuNTHE—J OHANSSON-GRONWALL 1920, 
p. 135; Kurox 1917, pollen analysis cf. Ispere 1929: Boreal). In Gotland Post- 
glacial (MunrHe—Hepez-y. Post 1925, p. 63: Ancylus deposits; MunrHr—-HEpE— 
Lunpavist 1927, p. 86: Boreal [pollen analysis]). In Ostergétland below the 
Ancylus limit (Macnusson-MunruHEe-Rosin 1922, p. 105). In Vestergétland 
Boreal (SANDEGREN 1916, p. 54). 

Pisidium milium: In Scania interstage and late-glacial (MuNTHE—J OHANSSON—GRON- 
WALL 1920, -p. 135; WesterRGARD 1912, p. 42; Kurcx 1917, pollen analyses cf. 
IsperG 1929 and Nizsson 1935, p. 429: Boreal and possibly older; cf. Kurck 
op. cit., p. 53 f.). In Gotland Postglacial (Munruz—-Hepr_v. Post 1925, p. 63: 
Ancylus deposits; Munrae—-HeprE-Lunpevist 1927, p. 86; Boreal [pollen ana- 
lysis]). In Ostergétland in deposits above the Ancylus limit (Macnusson—-MUNTHE 
—Rosrn 1922, p. 103). 

Pisidium obtusale: In Scania interstage and late-glacial (MunTHE—JOHANSSON— 
GRONWALL 1920, p. 135; Horst 1911, p. 97; ODHNER 1910: sub-Arctic; Kurck 
1917, pollen analyses cf. IssERG 1929 and Nitsson 1935, p. 429: Boreal). In Got- 
land late-glacial (ODHNER 1910: Arctic and sub-Arctic; Muntae—HrepE—Lunp- 
Qvist 1927, p. 86: Boreal [pollen analysis]). In Ostergétland Boreal [pollen ana- 
lysis] (SANDEGREN-SuNDIUS—LUNDeVIST 1924, p. 67). 

Pisidium hibernicum: In Gotland Postglacial (MuntHe-Hepe-y. Post 1925, p. 63: 
Ancylus deposits; Munrar—Hepr—Lunpevist 1927, p. 86: Boreal [pollen ana- 
lysis]. In Ostergétland Boreal [pollen analysis] (SANDEGREN-SunpDIus—Lunp- 
Qvist 1924, p. 67). In Jémtland early Atlantic [pollen analysis] (BoopEere 1930, 
p. 218). 

Pisidium subtruncatum: In Scania interstage and late-glacial (MuNTHE—-JoHANSSON— 
GRONWALL 1920, p. 135; Kurox 1917, pollen analysis cf. IsperG 1929: Boreal). 
In Gotland Postglacial (OpHNER 1910: Boreal; Munrae—Hepe-y. Post 1925, p. 
63: Ancylus deposits; Munrae—-Hepre-Lunpovist 1927, p. 86: Boreal [pollen 
analysis]). In Ostergétland in a deposit below the Ancylus limit (Magnusson— 
Muntue—Rostn 1922, p. 105). 

Pisidium henslowanum: In Scania late-glacial (Hotsr 1911, p. 91; OpHNER 1910: 
Arctic; Kurck 1917, pollen analyses cf. IsperRG 1929 and Nitsson 1935, p. 429: 
Boreal). In Gotland in an Ancylus deposit (Munrur—-Herpg-yv. Post 1925, p. 63). 

Pionocypris vidua and H. eterocypris incongruens do not seem to have been observed 
earlier in Swedish Quaternary deposits. 

Candona candida: Numerous statements on subfossil finds (cf. above as to the dif- 
ficulty of distinguishing this species from nearly related ones). In Scania inter- 
Stage and late-glacial (MuntHE-J OHANSSON-GRONWALL 1920, p. 135; Hoxsr 
1908, p. 8). In Gotland and Uppland late-glacial (MunTHE 1910, p. 14; Natruorst 
1893, p. 576). 

Candona neglecta: In Scania late-glacial (Horst 1908, p. 9). In Gotland in a sub- 
Litorina deposit (MunTHE 1910, p. 80). 
Judging from these data the eurythermal species mentioned here seem to have 

appeared within other parts of southern Sweden mainly as early as in Bohuslan. 
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Ina second group we can gather some species which are rather eurythermal, 
though not in so high a degree as the group discussed above. The climatological 
importance of these species is thus somewhat limited. 


Lymnaea auricularia: Found just south of the Arctic Circle in Sweden and just north 
of it in Finland. The localities are, in Sweden, situated along the Norrland coast 
(HuBENpicK). This species is perhaps somewhat overlooked on account of the 
fact that the shells are not always very characteristic. 

Armager crista: Found in Norrland only at Ostersund and in Vasterbotten (to Pitea); 
Finland only along the S. coast and § of Kuopio, N. Finland only at Uleaborg; 
S. Norway, vicinity of the Trondheimfjord, and S of Troms6 (ODHNER). 

Physa fontinalis: Seems to be least eurythermal of the species gathered in this group. 
Continual range reaches apparently about 64° N; a single find reported from the 
Pite River 65 1/2° N (Husenpicx). 

Valvata cristata: Mainly in the Bergslagen, isolated occurrences in Jamtland and 
northernmost parts of the Bothnian coast, in Finland sporadically to about 63° N. 


In the Bohuslan deposits these species appear practically as early as the highly 
eurythermal ones, viz. during the later part of the retreat of the Ice just towards 
Jamtland, thus at the end of the Finiglacial period. 

The earliest appearance of these four species within other parts of southern 
Sweden is indicated by the following data: 


Lymnaea auricularia: In Scania late-glacial (MuNTHE-JOHANSSON-GRONWALL 1920, 
p. 165; Housr 1911, p. 103; Kurckx 1917, pollen analyses cf. IsperG 1929 and 
Ninsson 1935, p. 429: Boreal and sub-Arctic, also cf. KurcK op. cit., p. 53 f.). 
In Gotland early Atlantic (MunrHe—-Hepe-—Lunpevist 1927, p. 86). In Oster- 
gotland in a deposit below the Ancylus limit (Macnusson-MuntTHE-Rostn 1922, 
p. 105). 

Armager crista: In Scania late-glacial (KuRcK 1917, pollen analyses cf. IspeRG 1929 
and Nitsson 1935, p. 429; Boreal and sub-Arctic, also cf. KurcK op. cit., p. 53 f.). 
‘In Gotland Arctic, sub-Arctic, and Boreal (OpHNER 1910). In Ostergétland in 
deposits above the Ancylus limit (Macnusson-MuntuE-Rosin 1922, p. 102 Tye 

Physa fontinalis: In Scania late-glacial (MuNTHE-JOHANSSON-GRONWALL 1920, p. 
165; Kurck 1917, pollen analyses cf. Ispere 1929 and Nitsson 1935, p. 429: 
Boreal). In Gotland Postglacial (ODHNER 1910: Boreal; MunrHE-Hepe-yv. Post 
1925, p. 64: in an Ancylus deposit). In Ostergétland in a deposit above the An- 
cylus limit (Macnusson—MuntHEe-Rostn 1922, p. 102). 

Valvata cristata: In Scania late-glacial (MuNTHE-JOHANSSON-GRONWALL 1920, p. 
165; OpHNER 1910: sub-Arctic; KurcKk 1917, pollen analyses cf. Ispmra 1929 and 
Nixsson 1935, p. 429; Boreal, also cf. Kurck op. cit., p. 53 f. and Nisson op. 
cit., p. 450: sub-Arctic or ?Arctic). In Halland sub-Arctic (ODHNER 1910). In 
Gotland Postglacial (MunrHE—HepE—Lunpevist 1927, p. 86: Boreal; MunrHE-— 
Hepe-v. Post 1925, p. 64: in Ancylus deposits). In Ostergétland late-glacial 
(Macnusson—MuntHE-Rostn 1922, p. 100; SanpeGren-Sunpius 1926, p. 85: 
Boreal [pollen analysis]). 


As was the case with the group of the highly eurythermal species, there seems to 
be a rather good agreement as to the appearance of the second group species in Bo- 
huslin and other parts of southern Sweden. 
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The remaining species in the Bohuslan deposits can be gathered in a third group, 
distinguished by the fact that they have a southern range. The distribution of 
the ostracods is somewhat unsatisfactorily known; they are thus climatologically 
less important than the molluscs, whose distribution is better known. 


Gyraulus albus: Most northern finds in Sweden made in Helsingland (ODHNER and 
Houpenpick); in Norway and Finland found somewhat more to the north (HUBEN- 
pDIcK). OpHNER thinks that it is questionable whether Gyraulus albus really occurs 
in Norway. 

Hippeuthis complanatus: Most northern find in Sweden made in SE. Dalarne (Hv- 
BENDICK); dead shells in Jémtland (ODHNER); in Norway most northern find made 
at Oslo, in Finland in the lake district. 

Acroloxus lacustris: Northern limit at the great bow of the river Dalalven and the 
southern part of the Finnish lake district. According to an unverified statement, 
the species should also have been observed in eastern Jémtland (ODHNER). 

Ihocypris gibba and Darwinula cf. stevensoni: Do not seem to have been found north 
of Helsingland and Uppland, resp. In Norway observed at Oslo and Moss, resp. 

Ihocyprella bradyi: In Sweden found in Jamtland and Uppland but apparently not 
in the intervening region. In Norway found at Oslo. 

Herpetocypris reptans: In Sweden found in northern Uppland, in Norway at Trond- 
heim. 

Cypridecs littoralis: In Sweden observed in Angermanland (ELorson), in Norway 
at Oslo. 


The molluscs of this group occur in layers accumulated as early as the previous 
group, 1. e. during the final part of the Finiglacial period. The ostracods (with the 
exception of Cyprideis littoralis), appeared in an early part of the Postglacial period 
(just after the A°); Cyprideis littoralis appeared between the C® and the A®. 

For comparison I give some data as to the earliest appearance of these species 
in other provinces in southern Sweden: 


Gyraulus albus: In Scania late-glacial (MUNTHE-JOHANSSON-GRONWALL 1920, p. 
165; ODHNER 1910: Boreal; Kurcx 1917, pollen analysis cf. IspERG 1929: Boreal). 

Hippeuthis complanatus: In Scania late-glacial (MunrHE—JoHANSSON-GRONWALL 
1920, p. 165; ODHNER 1910: sub-Arctic and Boreal; Kurcx 1917, pollen analyses 
cf. IsBERG 1929 and Nitsson 1935, p. 429: Boreal). In Ostergétland in a deposit 
above the Ancylus limit (Macnusson-MunrHE—Rosin 1922, p. 102). 

Acrolozus lacustris: In Scania late-glacial (Muntur—JOHANSSON-GRONWALL 1920, 
p. 165; Kurcx 1917, pollen analysis cf. Issera 1929: Boreal). In Gotland Boreal 
(OpHNER 1910). 

If ee gibba: Interstage in Scania (MuNTHE—JOHANSSON-GRONWALL 1920, p. 

Darwinula stevenson: In a sub-Litorina deposit in Gotland (MuntTHE 1910, p. 80). 

Ihocyprella bradyi: In Scania late-glacial (MuNTHE 1897, p. 128; Hous 1908, p. 9). 

Herpetocypris reptans: In Gotland in Ancylus beds (MunTHE 1910, p. 60). 

Cypriders littoralis: Said to have been found subfossil in Sweden (Sars 1925, p. 156). 
This statement is possibly referable to finds of Cytheridea torosa JonEs, of which 
species C. littoralis earlier was considered a variety (Sars, l. c.). C. torosa is reported 
from late-glacial Scanian deposits containing Salix polaris (NATHORST 1910, p. 
550), and C. cf. torosa from a Litorina stratum in Gotland (v. Post 1903, p. 23). 
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The species of the third group seem to have appeared about contemporaneously 
in Bohuslén and other parts of southern Sweden. 

Judging from the occurrence of the three mollusc species in the Bohuslan deposits, 
chmate must not have been more severe at the very end of the Finiglacial period 
than today’s climate in the Swedish Bergslagen and the Finnish lake district. 
This is not contradicted by the fact that Gyraulus arcticus and Pisidium milium 
f. unzoides were present at the same time. These forms are considered very northern. 
However, as a matter of fact, they are abundant also in the Fossane deposit which 
was accumulated even later. These shells have not been redeposited from older 
sediments. 

This late occurrence might be explained in such a way that they had survived as 
relics. If this were the case, two premises must have been fulfilled. First, the relic 
locality must have been separated from the main area of distribution by a vast zone 
devoid of the species in question. Second, the climate within the main distribution 
area must have differed considerably from that of the locality of the relic. It is dif- 
ficult to decide whether these premises have been fulfilled, as the extension of the 
main distribution area at that time is not known. The assumption may not be ex- 
cluded that southern Sweden was included in the main area of distribution at this 
time. Available statements are too scanty to prove this; Gyraulus arcticus, however, 
is recorded from an Ostergétland deposit situated below the Ancylus limit (Macnus- 
son—MunTHE-Rostw 1922, p. 105). Gyraulus arcticus as well as Pisidium milium 
f. wniordes will very likely be found in additional Boreal or later deposits in other 
parts of Fennoscandia. I am inclined to suggest that these species are not so cold- 
stenothermal as generally believed. Further investigations on their subfossil and 
present distribution may elucidate this question. 


Summary. After exclusion of the species which are too eurythermal to be used 
as climatological indicators some species remain which suggest that the climate in 
northern Bohuslan at the end of the Finiglacial period was not more severe than 
the present one in the Swedish Bergslagen and the Finnish lake district. 


SUMMARY 


The present paper is an account of an investigation of 11 Quaternary shell-bearing 
freshwater deposits in northern Bohuslin (northernmost part of the Swedish west 
coast). The sediments were accumulated in small lakes and ponds. The deposits 
are situated within the range of 65-118 m above the sea. One of them is entirely 
Finiglacial (formed during the retreat of the Ice from the Bergslagen in Middle 
Sweden to Jamtland), nine shell-bearing strata accumulated during the final 
part of the Finiglacial and/or the beginning of the Postglacial period, and one some- 
what later (just after the A®, 1. e. in the middle or later part of the Ancylus period). 
The datings are based on pollen diagrams. 

The precipitation of freshwater calc1um carbonate in N. Bohuslan seems to have 
occurred only during a short period. No later precipitation has been observed though 
calcareous parent substances were accessible in great quantities. 

The shell-bearing sediments are distinguished by a high percentage of calcium 
carbonate, which originates from Quaternary marine shell-bearing deposits. In 
the typical case, the percentage of calcium carbonate is highest in the middle of the 


161 


I. HESSLAND, Calcareous freshwater sediments from northern Bohuslén 


shell-bearing strata where the sediment can consist of a pure lake chalk; in the bot- 
tom part, the percentage of calcium carbonate is generally exceeded by minerogene 
fine-particles and in the top section by phytogene substances. The shell-bearing 
stratum is overlain by a coarse non-calcareous necron mud without shells. Biologic- 
ally the sediment was especially examined for molluscs and ostracods. Finds of 
other animals were noted as well as fruits and seeds. Some 20 mollusc species and 
10 ostracod species were observed. Remains of a few other animal species and 
some 40 plant species were also found. The investigation was quantitative and 
the frequency is, where possible, illustrated graphically. 

Mainly the same mollusc species are generally represented in all the deposits in- 
vestigated. The highest frequency was attained during the later stage of the small 
lakes. Most of the species very soon invaded the new lakes and continued to live 
there until the lakes began to disappear. These species may be very indifferent in 
ecological respects. A few other species, which mostly migrated later, did not cause 
greater changes in their frequency. The fluctuations in the frequency of the mol- 
luscs are irregular to a great extent and were apparently more or less accidental. 
It is not possible to trace the reason for the fluctuations; they seem to have been 
brought about during a continuous competition among the specimens within these 
small vital areas which could provide for a large but limited number of organisms. 

The ostracods had the greatest frequency during the later part of the ancient 
lakes, probably owing to a good supply of food (vegetative components and dead 
molluse bodies were abundant). In other ecological respects, the ostracods considered 
are apparently rather indifferent. 

The aim of my investigation into the plant life of the ancient lakes was, above all, 
to obtain a knowledge of the surroundings where the shell-bearing organisms lived. 
The most distinguishing plants were Charophytes and Potamogeton species. Some 
of the species are characteristic of eutrophic waters with good supply of calcium 
carbonate. Judging from the flora and the composition of the sediment, the ancient 
lakes afforded appropriate conditions for molluscs and ostracods. 

The representation of some species indicates that the Bohuslin climate at the 
end of the Finiglacial period cannot have been more severe than the present climate 
in the Swedish Bergslagen and the Finnish lake district. Further investigations 
on the thermal demands of freshwater molluscs and ostracods as well as on their 
Quaternary representation will certainly contribute to the elucidation of the Qua- 
ternary climate. 
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Explanation of plates 


Plate I. 


Pollen diagrams of the localities investigated. 


Plate II. 

Klingseréd I. 
Fig. 1. Distribution of particles > 0.5 mm (dashed line) and < 0.5 mm (drawn line). 
Fig. 2. Distribution of calcium carbonate and organogene and minerogene components < 0.5mm. 
Fig. 3. Frequency of the mollusecan shells. 
Fig. 4. Distribution of the molluscan families. 
Fig. 5. Distribution of the species Gyraulus arcticus, Armiger crista, and Hippeuthis complanatus. 
Fig. 6. Distribution of the genus Pisidiwm (drawn line) and Sphaeriwm corneum (dashed line). 
Fig. 7. Distribution of the Pisidiwm species. 
Fig. 8. Distribution of fruits. 


Plate ITI. 


Figs. 1-6 Klingseréd IT, Figs. 7-12 Kalstad, and Figs. 13-17 Fossane. 
Figs. 1, 7, and 13. Distribution of calcium carbonate and organogene and minerogene compo- 
nents < 0.5 mm. 


Figs. 2 and 8. Frequency of the molluscan shells. 
Figs. 3, 9, and 15. Distribution of the molluscan families. 
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Fig. 4. Distribution of the species Valvata cristata (drawn line) and Valvata piscinalis (dashed 
line). 

Figs. 5, 11, and 16. Distribution of the species Gyraulus arcticus, Armager crista, and Hippeuthis 
complanatus. 

Figs. 6 and 10. Distribution of the Pisidiwm species. 

Fig. 12. Distribution of the characean oospores. 

Fig. 14. Frequency of ostracods (dashed line) and molluscs (drawn line). 

Fig. 17. Distribution of the genus Pisidiwn (drawn line) and Sphaeriwm corneum (dashed line). 


Plate IV. 


. Herpetocypris reptans (BArRD) 

. Ihocypris gibba (RAMDOHR) 

. Lliocyprella bradyi (G. O. Sars) 

. Cyprideis littoralis (BRADY) 

. Heterocypris incongruens (RAMDOHR) 
Candena sp. 

- Pronocypris vidua (O. Fr. MULurr) 

. Gyraulus arcticus BEcK 7.5 x 
Hippeuthis complanatus DRAPARNAUD 1.5 X 
Valvata cristata MULLER 7.5 x 

. Armiger crista (L.) (f. typica and f. nautilea) 7.5 x. 
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Tryckt den 19 oktober 1949 
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A Quaternary diatom spectrum from Bohuslin 
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Introduction 


In the northern part of the province of Bohuslan on the Swedish west coast there 
are several Quaternary freshwater deposits with calcareous sediments. Those known 
at present (11 in number) were described by Hesstanp 1949}, especially with regard 
to biogene components; however, diatoms were not considered. This group was in- 
tended to be examined separately on a later occasion. 

As far as I know, special diatomologic investigations of Swedish Quaternary 
calcareous freshwater deposits have not been performed. Quaternary freshwater 
diatoms of N. Bohuslan are, on the whole, fairly little known. 

The present investigation may thus contribute to the knowledge both of the sub- 
fossil diatom flora of this district and of the type of flora in lakes where calcareous 
ooze and lake chalk are formed. There is, moreover, a particular reason for making 
an examination of this kind. As observed during my aforementioned investigation, 
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shells of minute marine organisms (foraminifera and ostracods) and fragments of 
larger marine shells (prisms of Mytilus edulis especially) appear in the calcareous 
freshwater layers, particularly in the bottom part. Like the freshwater calcium 
carbonate of the mud, they are derived from Quaternary marine shell-bearing de- 
posits. It would be of interest to ascertain whether marine diatoms, likewise, occur 
in the calcareous freshwater layers. They are small and easily redepositable, so that 
they may be expected to be found there. 

The diatomist Mr. A. Bere graciously made a quantitative investigation of the 
diatoms throughout such a stratum and in the adjacent parts of the underlying 
marine clay and the overlying non-calcareous necron mud. 

This investigation has shown that the calcareous freshwater layer is very rich in 
diatoms. This is also the case with the examined part of the marine clay. It was 
observed that marine diatoms occur in the lacustrine layers. In addition, several 
interesting ecological data have come to light. Many of the marine types are of im- 
portance as climatological indicators. 


Uppsala, Febr., 1949. Ivar Hessland. 


Description of the locality 


The locality investigated is situated at the Kalstad farm about 4.8 km N 45° E 
from the Tanum church. 

The bedrock of this region consists of mainly granitic plateaus separated from one 
another by generally narrow valleys running in NE-SW and NW-SE directions. 
For the most part, the plateaus are not covered with sediments; but glacigene and 
marine as well as supramarine Quaternary deposits occur in the valleys. 

The Kalstad deposit is situated in the cross-point of a NE-SW and a NW-SE 
valley, where the morainic matter constitutes a small and shallow basin. A pond 
was formed here when the basin was separated from the sea during the course of 
the general land-rise. Calcareous mud soon began to accumulate. The content of 
calcium carbonate gradually increased, so that the sediment consists of a very pure 
lake chalk in the middle of the calcareous stratum (which is 60—95 cm thick). How- 
ever, the content of calcium carbonate decreases rapidly towards the top of the layer 
which is overlain by non-calcareous plant necron mud. 

Details with regard to the composition of the sediment and the distribution of 
the fossils are given in the above-mentioned paper by Hesstanp 1949. The cal- 
careous layer is very rich in shells, especially of molluscs. The shell frequency is 
greatest in the upper part. 

Among the mussels, Pisidiwm species are abundant throughout the stratum. The 
following species were observed: 


P. mtidum Jenyng 

P. mlium Heip 

P. hibernicum Wrstertunp 
P. subtruncatum Mam 

P. obtusale PretrrEer 

P. lilljeborgi: CLEssin 


Another mussel species present is Sphaerium corneum (L.), which, however, occurs 
in small numbers. 
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The most abundant species among the gastropods is Lymnaea ovata (DRAPARNAUD) 
which appears with a considerable individual variation (types varying both towards 
f. peregra MULLER and f. lagotis Scurank). A few shells of Lymnaea auricularia (L.) 


were also observed. 


The Valvatidae family is represented exclusively by Valvata cristata MULLER 


which, however, is numerous. 


Among the three Planorbidae species occurring in this deposit Armiger crista (L.) 
(appearing as f. typica [DRAPARNAUD] and f. nautilea [L.]) and Gyraulus arcticus 
Beck are abundant; the third species, Hippeuthis complanatus DRAPARNAUD, is, on 


the other hand, fairly rare. 


Physa fontinalis (L.) and Acrolovus lacustris (L.) are also rare. 

Ostracods are represented by carapaces and valves of the genus Candona. 

The vegetation was characterized by Charophytes, judging from the fact that 
oospores (as a rule encrusted with calcium carbonate) occur throughout the stratum 


(maximum in the upper part). 


The type of flora indicates that the ancient pond was eutrophic and that the 
water was inconsiderably agitated. Such surroundings are, in our day, favourable 
for molluscan life, and this was obviously also the case in this ancient pond. 

The underlying marine clay is rich in molluscs; no less than 52 species were ob- 
served. Four species of Cirripedia were found. These marine species are: 


Amphineura 


Tonicella marmorea (Faprictus) 
— rubra (Lowe) 


Gastropoda 


Diotocardia 


Acmaea rubella (FABRIctus) 

— virginea (MULLER) 

Lepeta coeca (MULLER) 
Puncturella noachina (Linnt) 
2? Propilidium ancyloide ForBes 
Gibbula cineraria (LINNE) 
Margarites helicina (FABRIctus) 
— groenlandica (CHEMNITZ) 

— cmerea (COUTHOUY) 


Monotocardia 


Moellerva costulata (M6LLER) 

Natica clausa Broperte & SOWERBY 
Lunatia pallida (BRopERIP & SOWERBY) 
Inttorina littorea (LINN®) 

— obtusata (LINNE) 

— palliata (Say) 

— rudis_ (Maton) 

Lacuna divaricata (FABRICIUS) 

Trophon truncatus (STROM) 

— clathratus (LINNS) 


Buceinum undatum Linnt 
Bela bicarinata (CoutHovy) 
— rugulata TROsSCHEL 

var. scalaroides G. O. Sars 
Onoba striata (Montacu) 
Hydrobia ulvae (PENNANT) 
Rissoa interrupta (ADAMS) 
Skenea planorbis (Faprictus) 
Homalogyra atomus (Putitprt) 


Opisthobranchia 
Retusa mtidula (Lovin) 
— truncatula (BRUGUIERE) 


Lamellibranchiata 


Anomia squamula LINNE 
Pecten islandicus MULLER 
Mytilus edulis Linn: 
Modiola modiolus (LInNt) 
Astarte borealis (CHEMNITZ) 
— banks: MOLLER 

— elliptica (BRowN) 
Thyasira flexuosa (Montacu) 
— gouldi PHILIPPI 
Montacuta bidentata (Montagu) 
Cardium echinatum LInNE 
— edule Linni 

— exiguum GMELIN 
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Fig. 1. Kalstad. 
Stratal sequence and pollen diagram. B Marine clay. (C Calcareous freshwater layer. 
D Non-calcareous plant necron mud. E Deciduous fen-wood peat. Conventional pollen symbols; 


concerning NAP pollen: © Ericales, © Gramineae, O Cyperaceae, 8 Artemisia, .) Terrestrial 
herbs; the drawn line in the NAP section indicates the © NAP, Analyst ULta JosEmpuson. 
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Cyprina islandica (Linn) Cirripedia 
Venus gallina Linnt 

Macoma baltica (inns) 

— calearea (CHEMNITZ) 

Syndosmya alba (Woop) 

— --- nitida (MULLER) 

Saxicava arctica (LINNs) 

Mya truncata Linnt 

— — var. uddevallensis (HANcocK) 


Balanus balanus (Linni) 

Balanus balanoides (Linnt) Brucuiire 
Balanus crenatus BRUGUIBRE 

Verruca stroemia (MULLER) SCHUMACHER 


70% of the species are Arctic-Boreal, 20% low-Boreal and Lusitanian; 10% occur 
at the present day in all these regions. 

Among Mya truncata f. typica there are both thick and thin shells. The former 
represent a more northern type than the latter. Valves of this species were found 
in situ, i.e. with the truncate end upwards. The brown cuticle remains and, in 
some specimens, even the siphonal cuticle is left, which is most remarkable. 

Measurements of a great number of specimens from this necrocoenosis showed 
that the ratios of dimensional data do not form separate groups when plotted in a 
coordinate system. This fact and the circumstance that the shells form a continuous 
series with regard to the shape indicate that there is no specific difference among 
the different types. In fact, they constitute one species with a wide variation. 

Modiola modiolus appears with very large shells (150—167 mm length). 

Saxicava arctica is fairly large-sized; the majority of the specimens fall within the 
length limits of 25-40 mm (maximum 50 mm). A thin bed in the clay is formed 
mainly by Sazxicava shells. 

The barnacles also constitute beds (two in number). The lower of them includes 
very large specimens of Balanus balanus joined to colonies. 


The age of the deposit 


The dating was made by means of pollen analysis; pollen diagram in Fig. 1. 

The pond was formed somewhat previously to the C° and an upper Betula maxi- 
mum and somewhat after a lower Betula maximum which may correspond to 
the BM acc. to v. Post (cf. Hesstanp 1949, p. 109). The formation of the 
calcareous sediment thus began at the transition between the Finiglacial and 
the Postglacial periods. It continued for some centuries and ceased somewhat 
earlier than about 6300 B.C. (the beginning of the continuous Alnus curve). The 
great Boreal hazel maximum was developed during the life-time of the pond. 


The diatom flora 


Introduction 


A series of bore-samples through a Quaternary stratum at Kalstad, Tanum parish, 
consigned to me by Dr. Ivar Hessland for analyses of its diatom content, revealed 
many features of interest, which are accounted for in this paper. The results are 
presented without attempt to generalize on the basis of this single series of samples. 
The investigation is exhaustive and quantitative; this method resulted, inter alia, 
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in that three vertical diatomologic zones could be distinguished in the calcareous 
stratum. 

The graphic representation was prepared without grouping of the species in ac- 
cordance with the present knowledge of their ecology. A special chapter is devoted 
to taxonomic discussions. 

A result of special interest appeared, viz. that marine forms occur sporadically 
throughout the whole lacustrine stratal sequence. 


1. Remarks on the laboratory investigation. Presentation of results 


The marine strata on our western coast have been investigated for diatoms to a 
less extent than corresponding sediments in many other parts of the country. How- 
ever, Hatpen (in 1921 and 1929) thoroughly examined some localities in the 
province of Halland. In the first of these papers he gives a survey of the pre- 
vious investigations in the ecology of the marine and brackish-water forms. Since 
then the importance of complete analyses has become more necessary. 

The value of such investigations depends mainly on two factors: an extensive 
knowledge of recent floras in different habitats, which knowledge is as yet rather 
incomplete; and furthermore, that no components are lost during laboratory treat- 
ment. 

The samples should not be allowed to dry up and harden, but should be kept moist 
in short, wide glass-tubes (e.g. 60 22 mm). 

Concerning the treatment of the material, Hustepr recommends (1948 p. 183) 
a procedure, which seems to be very suitable for maintaining all the components 
of the sample: the dried material is placed in some water with a few drops of hydrogen 
peroxide; without heating this is generally sufficient for the disintegration of material 
containing no organic matter. The sample has then to be washed in distilled water. 
Samples with a small amount of organic matter should be boiled briefly before wash- 
ing. My own experience confirms that ammonia should not be used. In order to 
check the results I tried some different methods (cf. below). 

The treatment begins with removal of the lime by means of dilute hydrochloric 
acid, washing and centrifuging. The clays investigated here which contain fairly 
small quantities of organic matter, are boiled in concentrated hydrogen peroxide 
as mentioned above. The time of boiling is proportional to the quantity of organic 
matter. However, the method (in spite of prolonged boiling) did not prove to be 
sufficient for disintegration of samples which consisted of organic matter to a larger 
extent. In these cases sulphuric acid with addition of potassium nitrate in the final 
phase was used. Comparative examinations indicated that even the most minute 
diatom valves do not seem to have been acted upon. The diatoms were, however, 
rather corroded already before the treatment and thus not perfectly suited for in- 
vestigations of this kind. But the lists of the forms were practically identical in 
both cases, and, therefore, I abandoned the hydrogen peroxide method, inasmuch 
as sulphuric acid is an agency far more active in dissolving organic matter. I believe 
— though not yet able to prove it — that a prolonged boiling in hydrogen peroxide 
is more disastrous to the diatom valves than the treatment in sulphuric acid. 

After this treatment, according to Husrept (1948, p. 183) the diatoms are left 
to settle, whereupon “the quite clear acid” is poured off as completely as possible. 
This, however, seems to be an unsuitable method, since the liquid poured off may 
contain diatoms which are thus lost. I have found that diatoms and diatom splinters 
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can be present in the liquid after a long time. For this reason it is necessary to 
diminish the density of the liquid by adding plenty of water before decantation. 
To be sure, the time of settling should be sufficient (in the present case no less than 
six hours, after which the liquid proved to be free from diatoms). 

Hustept (1. c.), while pleading for extremely thorough examinations of the types 
occurring in the material, especially with regard to their first appearance in a stratal 
sequence, considers exact quantitative analyses of minor importance (er pais7): 
Consequently he desists from any graphic representation; he estimates the frequency 
and gives it by symbols of the types sh and +. 

In my opinion, however, it seems desirable to state the exact frequency as far as 
possible, and moreover, to plot the results graphically. Such a representation is 
indispensible when interpreting vertical changes of the composition of the flora in 
sequences of strata. 

The present investigation was conducted in accordance with these principles. 

The material. The sample was examined at every 5 centimeters, but with greater 
intervals, however, at the upper and lower limits. The uppermost sample has the 
number 664, the lowest 790. A total of 29 analyses were made. 

From the bottom sample 790 upward to 742 the material consists of marine clay, 
strongly reacting to dilute hydrochloric acid. 48 marine forms cease to occur at 
level 744; at 742, 11 more; and at 740, the main group of them, i. e. 85 forms. 

At level 742 the material changes over to a calcareous fresh-water mud, but 
is fairly unchanged with respect to macroscopic conditions and diatom flora. It 
continues up to and includes level 706, where the demarcation against an overlying 
stratum of coarse detritus (fresh-water mud, not reacting to hydrochloric acid) 
is fairly distinct. 

Kspecially in the upper section of the mud (levels 706-710) the diatoms are partly 
intact and not corroded, partly crushed and more or less corroded. Among the most 
abundant forms, Hpithemia (above all H. Muellerii) corroded specimens are very 
common, but in addition to them there is a small number of well preserved ones 
apparently of a later date. All the Cyclotella specimens are in a very bad state; only 
the resistant middle section remains, and the original pores or striae have been dilated 
to form open areas. In order to give an idea of the state of the material a similar 
form is figured here (Pl. II:1 a, b). The thin, linear forms, Synedra or Nitzschia, are 
generally found only as short sections. OCymbella, as a rule, lacks the ends of the 
valves, which are rather important for the generic taxonomy. Mastogloia seldom 
or never shows the thin loculi-membranes. The assumption that an essential part 
of the flora has entered here secondarily from some considerably older stratum 
cannot be avoided. 

The uppermost stratum, referred to above as a non-calcareous fresh-water detritus, 
contained a diatom flora poor in both forms and individuals. Like the very numerous 
resting spores, the diatom valves were strongly crushed. Of the large Pinnularia- 
forms, only the coarse central nodes remain, which are insufficient for specific de- 
termination. 

Also the valve fragments here were in general badly preserved, with the exception 
of two forms: Pinnularia borealis and Hantzschia amphioxys, and possibly a few more. 
Since the locality at the time of the formation of this layer had long before been cut 
off from the open sea and consequently from every influence of the surge of the 
water or motion of ice, the state of the valves possibly indicates that they were 
' partly redeposited. This is obvious concerning a number of marine forms, fragments 
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of which were found, especially in the uppermost level, 694. These fragments are 
referable to underterminable Triceratiwm-, Coscinodiscus- and marine Surirella-forms. 
A complete specimen of Pyxidicula liasica Roreu. (upper Cretaceous) and a fragment 
of Hupodiscus argus, are, likewise, obviously of foreign origin. 


2. Vertical distribution of the forms 


The marine clay 


The deepest levels investigated, 790 and 780, exhibit typical Rhabdonema forma- 
tions with a relatively insignificant share of coastal plankton. Among the epiphytes, 
Rhabd. arcuatum and minutum, Biddulphia aurita, Grammatophora spp., and Hyalo- 
discus scoticus dominate. A great number of forms are less frequent, such as Pla- 
guogramma stauroph., Achnanthes polaris, Trachyneis asper, Navicula abrupta, distans, 
Grevillei, and Synedra affinis. A group of species is represented by single specimens, 
more or less clearly belonging to the association. The planktons are represented 
by some species of Coscinodiscus, C. angustelineatus, curvatulus, decipiens, oculus- 
iridis, radiatus in addition to insignificant numbers of Paralia. The absence of several 
of the most common planktonic genera, e. g. Chaetoceros, is striking. 

The nearest overlying stratum, comprising levels 770-749, includes a stable as- 
sociation, sharply delimited by the over- and underlying strata. The dee p water 
forms Diploneis fusca and Smithii are strongly dominant; a few others occur with 
lower frequency, such as D. chersonensis, didyma, and litoralis. Among the epiphy- 
tes are Biddulphia aurita, Grammatophora and Cocconeis scutellum var. The demarc- 
ation against the underlying stratum appears particularly distinct through the fact 
that Rhabdonema disappears practically completely and is replaced by the Diploneis- 
forms mentioned. Paralia is also entirely missing, but returns, strange to say, at a 
higher level. The genera Nitzschia (acuminata, constricta v. parva, hungarica, in- 
curva, punctata, sigma, socialis), and Amphora (arenicola, proteus, pusilla) begin 
here to appear more abundantly. The upper part of the stratum is characterized 
by a greater occurrence of marine Synedra- and Caloneis-forms, besides of which 
Diploneis didyma shows some increase, preceding a later maximum. 

The uppermost part of the marine clay, levels 746—744 is distinguished partly 
by a sudden mass-appearance of Paralia (at level 744, thus immediately prior to the 
separation from the sea), partly by a strong increase of the Navicula-Nitzschia- 
Amphora association indicated by HaLtpEN (1921) as sublitoral. It is interesting 
to note that of the 22 forms enumerated by HaLpEN as being typical, 13, or 60% 
were found in our material. In all 115 taxonomic units were observed in this level 
which is more than in the other levels. Among the epip hytes occur small numbers 
of Rhabdonema, Grammatophora, Dimerogramma, Synedra affinis and crystallina, 
and Achnanthes polaris and brevipes. Diploneis didyma (with a weak admixture of 
D. interrupta) which may be referred to the epi phytes, occurs abundantly. Among 
the bottom forms the following may be noted: Scoliopleura tumida, Oestrupia 
blanda, Navicula I and II (cf. list in the explanation of Pl. I), Nitzschia commutata 
and others, acuminata and others and Amphora arenicola and others. The flourishing 
vegetation of Diploneis (fusca, Smithii and others), as manifested in the underlying 
layer, has disappeared almost completely; as mentioned, it was replaced mainly by 
Paralia. All of these, including Paralia, could be classified as va gile benthonic 
forms. 
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The upper limit of the following forms occurs at level 744 (or, in a few cases, already 
just before): 

Amphora arenicola, Amphiprora paludosa, Biddulphia aurita, Caloneis brevis, C. 
formosa, C. liber v. genuina, Cocconeis costata and varr., Coscinodiscus anguste-lineatus, 
C. curvatulus v. minor, C. decipiens, C. excentricus, Diploneis litoralis, D. Smithii, 
Grammatophora spp., Hantzschia marina, Hyalodiscus stelliger, Melosira lineata, Na- 
viceula abrupta, N. distans, N. forcipata v. densestriata with f: a, N. Hennedyii, N. 
peregrina v. meniscus, Nitzschia constricta v. parva, N. incurva, N. sigma, N. socialis, 
N. tryblionella v. debilis, Paralia sulcata v. biseriata, Pinnularia quadratarea, Plagio- 
gramma staurophorum, Pleurosigma elongatum, Rhabdonema arcuatum, Rh. minutum, 
Stauroneis salina, Tropidoneis maxima. 


Contact zone (levels 742-740) 


Level 744 has been fixed as the upper limit of the marine clay, since the marine 
forms here suddenly retire into second place. 36% of all the 136 forms in the “‘contact 
zone” are marine, 6% mesohalobes, 2% halophiles, and 56% fresh-water forms. 
Thus it seems that the diatom flora changes directly into the lacustrine type, though 
the marine elements still follow for some time because of redeposition. 

Plankton is missing, except for some fairly unimportant occurrences of Coscino- 
discus and Chaetoceros and fragments of some other genera; it is of interest, however, 
that Cyclotella antiqua begins to appear at level 742, to rise to a small maximum of 
short duration in the chalk mud. Among the epiphytes, T'riceratium antediluvia- 
num is the most marked of all; here as in the lower part of the lime gyttja (mud) it 
is obviously in a secondary position. The genus Notzschia is represented by a con- 
tinuation of the mixture of euryhalobe marine and indifferent species, which are 
grouped as “N. acuminata and others” at lower levels. Marine forms of Synedra 
(crystallina, affinis) and Cocconeis pediculus occur at a few percentage of each. Con- 
cerning the benthonic forms it is above all apparent that the mass vegetation of 
Paralia has disappeared almost completely. At level 742, the following forms (with 
a frequency of > 1%) reach their upper limit: 

Coscinodiscus radiatus, Dimerogramma minor, Diploners fusca, Gyrosigma acumi- 
natum, Hyalodiscus scoticus, Navicula gracilis, Nitzschia acuminata, N. hungarica, 
Oestrupia blanda, Paralia sulcata, £. coronata, Scoliopleura tumida v. cruciata, Synedra 
affinis, S. erystallina. 

Noteworthy among them is the euryhaline fresh-water form Gyrosigma acuminatum. 

In the middle part of the contact zone, 740, the abovementioned Cocconeis pedi- 
culus shows a maximum, whereupon it disappears. Its ecology is somewhat unclear: 
Boye PerersEN (1943, 1946) regards it as indifferent, BuppE (1930) and ScHuLz 
(1928) as halophilous, Kotpe (1927) and Hustrepr (1939) as euryhaline, possibly 
halophilous. Its occurrence in the present material may possibly indicate that it is 
halophilous; its complete disappearance after level 740 seems to be accidental. In- 
vestigations of similar localities are required to clear this point. — At this level, 740, 
the following forms, with a frequency > 1%, withdraw: 

Achnanthes polaris, A. brevipes, Amphora proteus with var., A. pusilla, Anomoro- 
neis sphaerophora, Cocconeis pediculus, C. sp., C. scutellum v. stauronerformis, Cosci- 
nodiscus curvatulus, Diploneis interrupta, Grammatophora arcuata, Mastogloia Braun, 
Navicula digitoradiata, Nitzschia gracilis, N. punctata, Paralia sulcata {. radvosa, 
Scoliopleura tumida, Triceratium antediluvianum. 
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Among the fresh-water forms apparent within this contact zone is a group of 
Epithemia (argus and others). They continue to occur, with varying frequency, 
through the entire lacustrine period. Like the other dominating form, Fragilaria 
construens v. subsalina, they are epiphytes. The appearance of this Fragilaria is 
peculiar, being completely absent in the fresh-water levels 738-7 16, but after that 
it again shows a maximum, to which we shall return later. 

Simultaneously with the disappearance of the marine forms in the contact zone 
some fresh-water types and mesohalobes or halophytes appear accidentally. Their 
frequency is insignificant. The changes in the flora in the transitional zone is ill- 
ustrated in the following table. 


rr 


Number of forms with frequencies > 1%, in pac: 
Level = 
Euhalobes | Mesohalobes | Halophiles Indifferent 
exes | 8 | = | cae | 92 | 
740 13 4 | 4 79 
742 30 10 13 | 47 
744 90 10 — oes 


All the euhalobes at level 738 are made up of Triceratium antediluvianum, which, 
strangely enough, is found only within and in the near vicinity of the contact zone 
(apart from its occurrence in the uppermost part of our material, where it has been 
obviously redeposited). The forms occurring exclusively in the contact zone are 39 
in number, of which 13 are marine, 7 mesohalobes, 3 halophiles or euryhaline oligo- 
halobes, and 16 indifferent. The frequency of the halophiles is < 1%, however, and 
only 3 mesohalobes have a frequency > 1%, 1. e. Anomoeoneis sphaerophora, Masto- 
gloia Braunii and Navicula peregrina v. meniscus. The occurrence of these inter- 
mediate categories as well as of the sporadic marine forms is certainly referable to 
the play of accidents to a great extent. 


The lacustrine calcareous mud 


After the separation from the sea the number of forms decreases strongly for a 
short period (sample 738). In the middle part of the lacustrine stage a more prolonged 
but similar decrease in the number of types occurs, which has caused the lacustrine 
stratum to be divided up into three sections (I-III on the graph). The latter decrease 
is simultaneous with an optimal occurrence of the Epithemia Muellerii-Fragilaria 
spp. vegetation. Whether competition for nourishment is the primary cause of this 
development or whether it is referable to other circumstances cannot be decided with 
certainty. It would be very interesting, however, to investigate more sequences 
of strata to see whether such a development has any greater scope. 

The aforesaid 3 horizons include the following levels: horizon I: 730-736, II: 718- 
728, III: 706-716. The nearest following beneath, 738, is excluded from this division; 
as mentioned above, a temporary absolute minimum of the number of forms appears 
here. This is probably correlated with the mass production of one form, viz. Masto- 
gloia Smithii v. lacustris; in the remaining part of the chalk mud this form appears 
in a somewhat weaker frequency. The two other dominants in the chalk mud, 
Epithema Muellerii and Fragilaria spp., have similar maxima, though occurring 
somewhat later. It is of interest to see, how the rather even frequency of Masto- 
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Fig. 2. Number of forms at the levels 706—740. 


glova Smithii v. lac. is suddenly broken at level 714, simultaneously with a similar 
break in the appearance of Hpithemia Muellerii, and that these breaks are compen- 
sated by a mass-production of Fragilaria (pinnata, and in a lesser degree, construens 
and v. binodis). 

If the maximum number of forms within the levels belonging here (59 at level 716) 
is put down as 100, one finds that the corresponding average number of forms within 
horizon I are 86, II: 38, and III: 86. From the list of the forms (at the end of the 
paper) we also find the following: 

1) Some of the forms appearing within horizon I are completely missing within 
horizon IJ, but appear again in horizon III. They are the following: 

Caloneis Schumanniana v. biconstricta, Cyclotella Kiitzingiana, Cymbella cesatii, 
C. ventricosa, Eunotia tenella, Fragilaria constricta v. subsalina, Gomphonema acu- 
minatum, G. acumin. v. coronatum, G. subclavatum, Navicula cari, N. mutica, Nitz- 
schia amphibia. 

2) Certain forms show their maxima in frequency in horizon II, namely: 

Amphora ovalis v. libyca, Cocconeis placentula and var., Cymbella Ehrenbergii, 
Eyithemia Muelleri, Fragilaria construens, Navicula radiosa, Nitzschia denticula, 
Pinnularia neglecta. 

3) A few forms (with sufficiently high frequency to be taken into account) pass 
horizon II without showing any decrease in frequency, namely: 

Gomphonema intricatum v. pumila, Mastogloia Smith v. lacustris, M. coarctata, 
M. streptoraphe. 

The appearance of certain forms within the chalk mud will be more definitely 
treated in chapter 3. 


The non-calcareous coarse detritus 


The transition from the rich eutrophic flora in the chalk mud to the so-called trivial 
acidotrophic flora in the non-calcareous coarse detritus occurs apparently rather 
abruptly. The forms of the chalk mud flourish in undiminished number right up 
to the upper limit of the mud. 
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The dominant genera within the coarse detritus are Pinnularia, Fragilaria, Huno- 
tia, Tabellaria, Hantzschia (amph.), Gomphonema; weakly represented are Surirella 
(stratula and spp.), Synedra, Cymbella, Diatoma (elong.), Navicula (aerophiles), 
Nitzschia (parvula), Stauroneis. 

Not only the number of forms but also the number of individuals are strikingly 
small. Sediments of this type can lack diatoms completely; the valves must have 
been dissolved by agents the nature of which cannot yet be regarded as fully known. 
KOLBE (1932, p. 274) is of the opinion that “‘es scheint, dass ein gewisser Zusammen- 
hang zwischen dem Kalk- und SiO,-Gehalt des Wassers besteht, indem Ca-haltige 
. Gewisser eine starker losende Wirkung auf Diatomeenschalen ausiiben. Diese An- 
nahme wird bestatigt durch die Tatsache, dass der Grundschlamm der Seen mit 
hoherem Ca-Gehalt nur wenige, zudem stark korrodierte Schalen aufweist.’’ This 
presumption is, however, contradicted by the fact that the present chalk mud is 
rich in diatoms; as we have seen, the diatoms are also partly well preserved. A 
remarkably strong agent of corrosion appeared, however, in the upper part of the 
chalk mud where, incidentally, the content of calcium carbonate is smaller than in 
the middle section (cfr Hesstanp 1949 Pl. I and II). 


Summary of the diatomological evidences 


The marine clay which underlies the lacustrine stratum, was deposited in an 
arctic sea; this is definitely proved by the occurrence of a number of forms 
which hitherto have been found exclusively in the Arctic regions. They are the fol- 
lowing (quite exact determinations indicated by an asterisk): 

*Achnanthes polaris, *Caloneis brevis v. distoma f. angustior, Chaetoceros groen- 
landicus, *Coscinodiscus bathyomphalus, C. decrescens v. polaris, C. sublineatus, *Na- 
vicula solida, N. subimpressa, Nitzschia insignis v. arctica, Striatella groenlandica var. 

Only such forms are listed above which have been found exclusively in the Arctic 
Sea; in addition there is a much greater number which also are found in more 
southern latitudes. 

Among the forms mentioned above the most characteristic, — which are also those 
which have been marked with an asterisk, — occur even up to the marino-limnic 
boundary. The so-called contact zone (separation of the lake from the sea at level 
743) contains a mechanical mixture of marine and fresh-water diatoms. 

The fresh-water diatom flora is distinguished above all by a distinct decrease in 
the number of forms in the middle section (zone II). The zones I and III are practic- 
ally identical, indicating similar ecologic conditions in the beginning and at the end 
of the life-time of the lake. 

It is very interesting to note that fragments of marine diatoms occur sporadically 
throughout the lacustrine stratum, viz. Triceratium sp., Mastogloia Braunii, Caloneis 
brevis, Navicula I and II, Amphora arenicola ete. Mastogloia exigua. 


3. Taxonomic and ecological observations 


A small number of new or diverging types have been found. In addition to these, 
however, a considerable number of forms occur, perhaps 10% of the total, which 
could not be identified with sufficient reliability because of their condition. They 
have not been treated here, chiefly since the splinters may have been exposed to 
physical and chemical influences, which preclude any judgment. 
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Achnanthes polaris Osrrup (1895 fig. VII: 86). Pl. II: 2. Curve (1896 fig. I: 5) 
presents a more adequate illustration of the type than did Osrrur. Osrrup’s diagno- 
sis: dim. 50 x 8; str. 10 on both valves; locality, Kast-Greenland on 68°25’ N. CLeve 
also states the frequency of striae as 10; locality, Baffins Bay. The specimens at hand: 
dim. 30 x 8 — 60 x12; striae 12-13 on both valves. Found in the marine clay with 
maximum at levels 744-750. 

Amphora ovalis Kz., occurring in a low but even frequency in zone 706-730, is 
represented by a large form with a length of about 100 u, with a frequency of striae 
of 9 and with a narrow, keeled hyaline line at about the middle of headside of valve. 
Without knowledge of the locality it would surely have been recorded as “mexicana” 
in spite of the straight raphe. 

Amphora ovalis var. libyca (EuRB.) Cu. The type pictured in Pl. II: 3 is rather 
plentiful in the uppermost parts of the lime-gyttja. In spite of the very striking shape 
of the hyaline areas it must be placed within sphere of the var. libyca-forms. 

Amphora sp. I at level 770. Pl. II: 4. Valve semi-elliptic with slightly declined 
capitate ends; dim. 42 x 9, striae 7, coarse, apparently without structure, but divided 
in the middle by a hyaline line. Raphe straight, near ventral line; no areas on its 
upper side. No structure on the ventral border. 

Amphora sp. II, at level 770. Pl. II: 5. Dorsal line strongly arcuate, the ends 
inconspicuously rostrate. Dim. 30 x 9, striae 7, coarse, apparently without structure. 
Raphe straight, near ventral line; no areas on the dorsal side. At ventral line a row 
of pearls, frequency 9. Zonal side complex with numerous rows of pearls. Possibly 
this is identical with Amphora sp. I. 

A rich flora of Amphora-types occurs at levels 718-750. The marine forms may 
be regarded as belonging chiefly to the proteus-group, the fresh-water types to the 
very variable libyca-group; hardly ever were two perfectly identical specimens found. 
They were drawn but are not reproduced, since space does not permit dealing with 
these intricate forms here. 

Caloneis formosa (GREV.) Cu. var. holmiensis Cu.? (Cu. 1881 p. 8 fig. II: 18). Pl. 
II: 6. CLeve’s diagnosis: dim. 70-100 = 23; str. 12.5, slightly radiating, imperceptibly 
punctate; in brackish water, Vaxholm. — Some few specimens were found at level 
706, 1. e. in the uppermost lime-gyttja bed. Dimensions 60 x 11—87 x 13.5; str. 15-16 
with a conspicuous narrow fenster-band near the middle of the striae. Margins more 
parallel than in CLEVH’s specimens; the area (with marked, very narrow necks to- 
wards apices) gets its shape through the striae being all of equal length. Raphe 
broad and straight. The present type occurs among large Caloneis-forms from the 
well-known diatom localities at Cherryfield and Bemis Lake, N. H., U.S. A., and 
Demerara in Guiana. Some types from Santos in Brazil, described as Caloneis formosa 
by GruNnow, are in fact intermediate between the marine type and these brevistriated 
forms. The gen. Caloneis is in urgent need of revision, and, therefore, I have not 
considered it appropriate to give the present type a particular name, though it has 
rather little to do with C. formosa var. holmiensis. Of its ecology nothing can be 
said with certainty; it may have been transported into this place from marine beds 
in the vicinity. 

Caloneis alpestris (GruN.) Cu. Pl. III: 12. With a favourable orientation of the 
valve a distinct longitudinal beam is discernible besides the very narrow lateral 
fenster-ribbon; its width is half of that of the fenster, and it is situated between the 
latter and the margin of the valve. Cfr Hustrept 1935 p. 13. 

Caloneis brevis Grea. f. constricta n. f. Pl. II: 7. Margins slightly impressed. 


181 


A. BERG, I. HESSLAND, A Quaternary diatom spectrum from Bohuslén 


Chaetoceros. A number of resting spores occur at the upper levels of the marine 
clay; having been more or less damaged by corrosion, they cannot be named with 
certainty. — Pl. II: 9, 10. 

Cocconers pediculus Eure. is found only in the contact zone, but rather plentifully 
there; then it disappears completely and is replaced by OC. placentula v. euglypta. 

Cocconeis sp. Pl. II: 8. Valve broadly elliptical; raphe-valve with a narrow in- 
framarginal hyaline stripe. Striae at the margins 16, fine, apparently whitout 
structure, crossed by two ribbons of coarse punctae, curved against apices. 

Coscinodiscus Haucku Grun.? (V. H. Syn. T. 94 fig. 29) Pl. II: 31, from level 
770; one specimen, rather well preserved. Dim. 24 uv, areoles in the central area in 
quincunx (which has not been properly brought out in the figure), frequency 12; 
marginal radiating striae 18, inframarginal short spines 9/10 ». Valve slightly convex. 
— The type diverges from C. Hauckii in the arrangement of the areoles and by the 
presence of spines. I have not been able to find again the type in GRuNow’s original 
stuff from Rovigno, and the question of identity remains open. GruNow’s figure, 
reproduced in Hust. 1930 fig. 200 a, in 600: 1, is little enlightening. 

Coscinodiscus bathyomphalus Cu. Pl. II: 12, from the marine clay level 742-770. 
Dim. 18-30 u, areoles 12/10 yp. An arctic type, hitherto found at Spitzbergen and 
in the Arctic Sea. 

The determination of the majority of Coscinodiscus-types has offered great difficul- 
ties because of the state of the valves. Generally the marginal zone was missing. 
With regard to the types that were more difficult to identify, reservations must be 
made as to the correctness of names. 

Cymbella cistula (HEMpR.) Grun. var. Pl. III: 16. Differs from the species by 
essentially sparser lineolae, viz. 8 instead of 18-21. 

Cymbella Ehrenbergit Kz. f: a, Pl. III: 14. A narrow, almost quite symmetrical 
type, in other respects quite in accordance with the species. Previously I have seen 
hving specimens in Lake Flégen, Smaland. The form alternates with the species in 
the lime-gyttja; possibly the change in shape has something to do with some change 
in the chemical conditions of the water (cf the variations of Caloneis amphisb. var. 
subsalina/). 

Cymbella sp. A non-identified form is reproduced in Pl. II: 11. Dim. 86 x Ries. 
str. 18. From level 749 in the marine clay. 

Cyclotella antiqua W. Su., Pl. II: 1, III: 19, occurs with varying frequency (max. 
3.5%) within zone 732-742, immediately after the isolation from the sea. Husrept 
(1948 p. 200) considers it “an unmistakable leading type for late glacial calciferous 
beds”, which agrees very well with our case, This does not, however, prevent the 
same scientist from listing the species as recent in masses from acid habitats (on 
Sphagna) in the Sarek Mountains. The ecology of this species seems to hold several 
points of interest, which are as yet not fully understood. 

Dimerogramma lanceolatum Pera. (Diat. d. Fr. T. 82: 12). Pl. II: 13. Dim. 18- 
50 x 9; str. 11-12, coarsely punctated. In the marine ealy. ‘‘More common in the 
Mediterranean” (Husr.). 

Eunotia sp. Pl. TI: 14. A splinter from the lime-gyttj a, which could not be identi- 
fied. Striae 9/10 y, coarse and irregular, of EZ. major-type, with numerous short 
dorsal striae. Thoroughly known as this genus is nowadays, this form is considered 
to arouse interest In spite of its imperfect condition. 

Eunotia arcus Kurs., the only species known of this genus, which thrives as well 
in acid as in basic habitats, was subject to an especially careful study here. Dis- 
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regarding (besides this species) scattered, solitary specimens or traces of Bunotia- 
types down through the whole of this bed, the genus at first occurs, represented by 
17 species, at level 700 in the coarse detritus. Here are found at least two types, 
usually regarded as Boreal, viz. bactriana and polyglyphis, characteristic forms in 
recent Laponian dystrophic habitats. E. arcus, on the other side, occurs already 
at level 736, continues on through horizon I (cf. above) at about 1.5%, then decreases 
somewhat in frequency, but remains nevertheless up through the whole of the se- 
quence. In the uppermost horizon, 694, struggling against the bulk of other Euno- 
trae, Pinnularia etc., it still presents a frequency of 1%. Further it has been estab- 
lished here beyond doubt that the forms in the lime-gyttja and in the coarse detritus 
are identical morphologically. Consequently this species differs from the other 
members of the genus as to physiological qualities, in some respect as yet unknown. 
In the material at hand yet some types out of other genera seemingly possess this 
quality of “eurytopism”, viz. Fragilaria construens var. subsalina, Gomphonema in- 
tricatum, Synedra ulna and the main form of Pinnularia viridis. — JORGENSEN 
(1948 p. 52) characterizes Ewnotia arcus as an “acidophile”, optimal at pH = 6-7. 
Its appearance in our material does not confirm this judgment. 

Hantzschia amphiorys (EHRB.) GRUN. is totally missing in the lime-gyttja, but 
appears at once in the coarse detritus, and from the beginning in a high frequency, 
6%. It is known by its capacity to adapt itself to extremely varying ecological 
circumstances, even as regards the salinity of the habitat. Bove PETERSEN (1943 
p. 75) calls it indifferent, but its appearance here does not indicate indifferentism, 
more likely “‘calcifobism”, — a term, however, too weakly founded on real know- 
ledge to be used in wider connections; nor in this case ought any conclusions be 
drawn without further knowledge. 

Epithemia Muellerii Fricke. It is noteworthy that while the other four repre- 
sentatives of the genus occur, and rather richly also, already at level 742, this species 
is absent until level 738, then appearing at once in a mass-formation, maintained 
through the whole of this bed. At the upper limit of the lime-gyttja the genus dis- 
appears totally. 

Mastogloia. Investigating a brackish-water locality in the Baltic, I found that 
the latest account of the taxonomy of this genus (Hust. 1933) concerning our nor- 
thern forms, gives a less adequate expression of their real status. This opinion is 
strengthened even more through our experience of the present material. An in- 
evitable result is that two new names must be proposed for forms, which hardly can 
be quite new to science. 

Mastoglova coarctata n. sp. Pl. II: 15. V. broadly lanceolate with ends prolonged 
and slightly rostrate. Dim. 35 x 11-42 x 12; axial area narrow and somewhat widen- 
ing toward the middle. Central area small, rounded. Striae 14-16, uniformly radiat- 
ing, one or a few short ones at the centre; coarsely punctated with ca 13/10 » in 
distinct longitudinal lines. Loculi 8-9/10 uw with a height of 3 u. occupying about 
half the length of the valve. Raphe-branches distinctly curved. 

This species, possibly hitherto called “elliptica”, occurs with an even spread 
through the lime-gyttja, levels 706-740. It is a decided fresh-water type. 

Mastoglova exigua Lewis (var. rostellata A. Cu.-E. 19152). Pl. II:16. One specimen 
from level 746 of the marine clay. The identity with the var. mentioned, — a sub- 
fossil from the White Sea districts — is not indisputable; the latter has prolonged 
narrow rostra, strictly parallel striae, and no central area at all. Our type agrees 
better with Hustept’s M. pusilla var. subcapitata from Borneo. 
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Mastogloia streptoraphe n.sp. Pl. 11:17. Margins parallel, ends cuneate and 
rounded; dim. 45 x 10-8011. Axial area unusually broad (29% of the valve); 
central area a moderately large oval. Striae 15, slightly and uniformly radiating, 
a few short ones at centre; coarsely punctate (12—13/10 uw); the arrangement of 
puncta in longitudinal lines as conspicuous as the transverse lines. Loculi 7/10 pu, 
with a height of 2 u, occupying 2/3 of the length of the valve. Raphe-branches 
strongly complex with median arc the longest and highest. 

The species occurs as an unimportant but even ingredient through the whole of 
the lime-gyttja; a decided fresh-water form, like M. coarctata in calciferous habitat. 

Navicula praecepta n. nom. Pl. II: 18. The fragment found at level 740 shows 
great likeness to ““Navicula bicontracta Osrr.” in A. S. Atl. T. 403 fig. 47, 48. Di- 
mensions of the specimen ca 549, str. 7-8, thin (cf. Pinnularia intermedia) with 
a longitudinal line, glistening, and composed of a massive knot on every stria, some- 
what looming on both sides of the stria, but not quite coherent with the knots on 
the adjacent ones. 

The determination is based upon the figure 47 in Atlas, which, however, seems to 
have nothing to do with Osrrup’s original form (Ostr. 1902 p. 32 tig. 7), except as 
to outline. The last-named form has 12-13 striae in 10 », strongly radiating at 
the centre and one short stria there; Osrrup mentions no longitudinal line, which 
nevertheless is very conspicuous in the type. This type came from fresh-waters in 
Siam, and it has manifestly never again been identified. Hustrrept’s determin- 
ation applies to samples from lakes in Switzerland and Lower Austria, which agree 
essentially better with the present discovery in a post-glacial bed. The type now at 
hand is entitled to a name of its own; the form reproduced in Atlas, by HustEepr 
incorrectly called bicontracta, must on account of disparities in form and frequency 
of striae, be classified as a variety of our present form. 

Nawicula subumpressa Grun.? Pl. II: 19 from level 770. — Syn. Naw. gelida Grun. 
var.? subumpressa GRUN, in CLEVE Syn. II p. 29. Arct. Diat. p. 39 fig. II: 45. — 
Dim. 3211; str. 13, extremely finely lineated. GruNnow’s diagnosis: 65 x 16, str. 
11-12 finely punctate; Karian Sea. — The accordance is rather good, except that 
the striae in our specimen are finely lineated (visible in hyrax), which Grunow 
certainly cannot have seen at all, and further that the longitudinal lines, noticed by 
GRUNOW, are inframarginal, not as in G:s specimen placed midmost on the striae. 

Navicula torneensis Cu. var.? Pl. II: 21, from level 749 in the marine clay. Dim. 
22 x 8.5; str. 17. CLevn’s diagnosis: dim. 17—24 x 8-10; str. 14; in brackish-water, G. 
of Bothnia (Cu. 1891 fig. II: 6). The form now at hand may be taken as a variety 
of Nav. torneensis, with striae somewhat denser and a large rectangular central 
area. 

Naweula tuscula (HHRB.) GRuN. var.? Pl. II: 20, from level 740. Differs from the 
type in two respects: the striae are interrupted only by two longitudinal lines, next 
to the axial area, otherwise uninterrupted; secondly, the striae are equipped with 
marginal alternating, seemingly semicircular pore-fields, giving the impression of 
a hyaline zigzag band; these pore-fields recur on the two axial rows of punctae. This 
arrangement does not correspond to the description in Hust. 1930 p. 308. 

Nawecula sp. Pl. II: 22 from level 746. Length 39 u, striae 20, difficult to see, 
parallel. (Labellus?). 

Nitzschia insignis W. Sm. var. arctica Grun.? Pl. II: 23 from level 770, marine 
clay. A badly corroded specimen. Keel-points 2.3/10 uw, striae invisible. 

Pinnularca borealis Kurs. follows the occurrence of Hantzschia amphioxys in detail; 
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lacking in the lime-gyttja, it appears at once in the coarse detritus in a frequency 
of 13%. This species too has been characterized as an indifferent eurytope (Hust. 
1938), which is indeed correct though the remark I made concerning Hantzschia 
applies also in this case. 

Pinnularia neglecta (A. Maver) A. Ba. Ms. Its occurrence here signifies a welcome 
contribution to the knowledge of the ecology of this species. I have described the 
form as corresponding to the North-American Pinnularia flexuosa, though smaller 
and more slender, and identified it in samples from eutrophic localities in Fenno- 
scandia etc. In Creve-Métter, Diatoms, no. 32 from Uppsala (Ancylus?), Grunow 
names it P. “viridis”. Common to these habitats is a more or less high lime content, 
at times perhaps somewhat saline (Landborgen, Oland and Saltkallesjon in Sdder- 
manland). In the material at hand this species appears at level 740 and continues 
through the lime-gyttja to level 706 with a maximum at level 718, but does not 
occur in the coarse detritus, where all of the other Pinnulariae attain their oreatest 
frequency. In ecological character it thus differs strongly from practically all other 
members of the genus. 

Pinnularia viridis (NrrzscH) Greco. The large groups of forms brought together 
under this name, cannot be expected to give any definite evidence as to ecological 
standards. The forms present here, among which the major-like central type hitherto 
called var. intermedia is represented, are found solitary exactly from level 742 up- 
wards, more abundant, however, only in the upper level of the coarse detritus, level 
694. 

Rhabdonema minutum Kz. var. sulcata Fricke. Pl. II: 25, from level 744. Pre- 
viously found only at Novaja Zemlja. 

Rhabdonema minutum £. capitata n. f. Pl. II: 24, from level 770. Dim. 47 x 14; str. 
9. Ends elongated, capitate with narrow necks. 

Rhoicosphena marina (W. Sm.) M. Scumipr var.? Pl. II: 26, from the marine 
clay. Dim. 32 x12; str. 12-13. The main type has 18-24 striae on the convex valve, 
15-20 on the raphe-valve. The unusually long raphe-branches as well as the broadly 
rounded headend indicate nearer kinship to Rh. marina. 

Scohopleura tumida (BREB.) RBu.? var. cruciata n. var. Pl. II: 28, from levels 
742-746. The cell is characterized by its high connecting, deeply striated sides; 
this shape forces the valves into an oblique position, as shown by the figure. Dim. 
60 x 15-75 x 18; str. 15-18, flat, inconspicuously lined, dense. The transverse lining 
certainly would not be visible at all but for the influence of corroding. Central area 
forming a rather narrow rectangular space, generally reaching down to the border 
of the valve (the streaked line in the fig.); at times this area is well-marked only next 
to the central nodule. — On account of the position of the cells it is difficult to make 
out the shape of the raphe; from our figure the conclusion might perhaps be drawn 
that the raphe is in reality slightly sigmoid. — It is above all the habit of the striae 
which has induced me to bring this form to Scolropleura. 

Stauroneis sp. Pl. II: 29 from level 746. Dim. 90 x ca 12; str. 17, inconspicuous. 
Valve corroded and defective, yet of certain interest. 

Striatella groenlandica Ostr. var.? (OstTR. 1897 p. 341 fig. II: 16) Pl. II: 30. The 
frequency of striae in the main form 17, but in our form 30/10 wu. 


REFERENCES. Budde, H., 1930: Die mesohaloben und halophilen Diatoméen der Lippe 
in Westfalen. Ber. d. d. bot. Ges. 48. — Cleve, P. T., 1881: On some new and little known Dia- 
toms. K. Sv. V. Ak. H. Bd 18 n:o 5, — : The Diatoms of Finland. Act. Soc. F. & F. VIII. 
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Helsingfors 1891. -—- ——: Synopsis of the Nav. Diatoms I, II. K. Sv. V. Ak. H. Bd. 26, 27. 
eX), ——= 5 IDeeniovans) Wixoven) Iain IB og 5 Wek TS, Shy, Wo AN, Isl, 1Bx6l, DR TNL, eo. —— 
Cleve, P. T., & Grunow, A.: Beitrage zur Kenntn. d. arkt. Diatoméen. K. Sv. V. Ak. H. Bd. 
17. 1880. — Cleve-Euler, A.: New Contributions to the Diat. flora of Finland. Ark. f. Bot. 
Bd, 14. 1915. — Halden, Bertil E.: Saltvattensdiatomacéerna ur kvartargeologisk synpunkt. 
Sveriges Geol. Unders. Ser. C n:o 310, 1921. — ——-: Kvartargeologiska diatomacestudier . . . 
I. Hoganastrakten. Geol. Féren. Férh. Bd. 51. 1929. — Hessland, I.: Calcareous freshwater 
sediments from N. Bohuslan. K. Svenska Vet. Ak. Arkiv fér mineralogi och geologi, Bd 1. No 5. 
Uppsala 1949. — Heurck, H. van, & Grunow, A.: Synopsis des Diatomees de Belgique 1880-5. 


— Hustedt, Fr.: Bacillariophyta ... in Pascher: Siissw.fl. Mitteleuropas, 1930. — :, Die 
Kieselalgen, in Rabenhorst: Kryptog. fl. v. Deutschland 1927 a. f. — ——: Unters. tiber den Bau 
d. Diatomeen, X, XI. Ber. d. d. Bot. Ges. Bd. LIII. 1935. ———- System. u. ékolog. Untersuch. 
uber die Diat. flora von Java... Arch. f. Hydrobiol. Supplem. Bd. 15, 16. 1938, 39. — ——: 
Die Diatomeenflora diluv. Sedim. bei dem Dorfe Gaj ... Schweizer. Zschr. f. Hydrol. Vol. 
XI. 1948. — Jorgensen, Erik: Diatom Communities ... K. Danske Vid. Selsk. Biol. Skr. 


Bd. V: 2. 1948. — Kolbe, R. W.: Zur Okologie, Morphologie u. Systematik d. Brackwasserdiat. 
Pilanzentorschung. Ht. 7. 1927, — : Grundlinien einer allgemeinen Okologie d. Diat. Er- 
gebnisse d. Biol., Bd. 8. 1932. — Miiller, Otto: Die Ortsbewegung d. Bacill... IV. Ber. d. d. 
Bot. Ges. Bd. XIV. 1896. — Peragallo, H. & M.: Les Diatomées marines de France. 1897. — 
Petersen, J. Boye: Some halobion spectra (Diatoms). K. Dansk. Vid. Selsk. Biol. Medd. Bad. 
17:9. 1943. — : Algae, collected by Eric Hultén ... 1920-22. Ib. Bd. 20:1. 1946. — 
Schmidt, Ad.: Atlas der Diatomeenkunde. 1875 a. f. — Schulz, P.: Brackwasserdiatomeen 
aus... Danzig. 50 Bericht d. Westpreuss. bot.-zool. Ver. 1926. — Ostrup, E.: Marine Diato- 
méer fra Ostgrénland. Medd. om Grénland XVIII. 1895. — ——: Kyst-Diatoméer fra Grén- 
land. Ib. XV. 1897. — ——-: Flora of Koh Chang. VII. Bot. Tidskr. Vol. 25. 1902. 


Table A & B. 


The figures indicate per cents; the figure 0.0 indicates occurrence not counted. 
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Explanation of plates 


Plate I 


Achnanthes I: Biasolettiana, conspicua. 

Cyclotella I: comta v. radiosa, Kutzingiana v. planetophora, Meneghiniana, ocellata, striata. 

Cymbella I: cistula, cymbiformis, helvetica f:a, ventricosa. 

Cymbella IT: aequalis, affinis, aspera, caesatii, caespitosa, cistula f:a, cuspidata, laevis, parva 
prostrata, tuwmida. 

Cymbella IIT: gracilis, incerta, naviculiformis. 

Eunotia I: alpestris, bactriana, denticulata, exigua-gracilis, Grunowii var. dispersa, lapponica, 
major, monodon, pectinalis & f. minor, polyglyphis, praerupta-minor & -monos, sudetica, tenella, 
lunaris, sp. 

Gomphonema I: acuminat. & v. Brebissonii, constrictum, lanceolatum, subclavatum, subtile, ter- 
gestinum, vibrio. 

Gomphonema IV: intricatum & v. pumila and fossilis, parvulum. 

Navicula I: abrupta, granulata, cancellata, directa v. genuina, distans, forcipata v. densestriata 
with f. minuta, Grevillei, Hennedyii & v. minuta, humerosa, hyalina, libellus var., peregrina, v. 
Meniscus, palpebralis v. minor and v. semiplena, punctulata, solida, spp. 

Naviceula II: eryptocephala & v. intermedia & veneta, digitoradiata, elegans, hungarica v. capitata, 
placentula £. rostrata, rhynchoc. v. amphic., peregrina, salinarum, sp. 

Navicula IIT: bacillum, cari & v. angusta, cincta, excelsa, gracilis, lacustris. 

Navicula IV: pusilla, pupula & f:ae, radiosa, tuscula. 

Nawicula V: contenta, fossalis, gibbula, mutica, subtilissima, sp. 

Neidium I: bisuleatum, iridis & v. vernalis, productum. 

Pinnularia I: gentilis, lata, major, microclauda, neglecta, nobilis, parva, stomatophora, stauroptera 
f. parva. 

Pinnularia IT: borealis. Breb:ii £. diminuta, fallax, interrupta {. minor, isostawron, major £. mt- 
nuta, microcl. f. triundulata, pachycephala, undulata, viridis & f:ae. 
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Plate II 


1. Cyclotella antiqua W. Sm. 

2. Achnanthes polaris OEsTR. 

3. Amphora ovalis Kz. var. libyca (HuRB.) Cu. 
4 

5 


5 === Bob Ih 

> == Go. JE 
6. Caloneis formosa (GREv.) var. holmiensis Cu.? 
7. — brevis Grea. f. constricta n. f. 


8. Cocconeis sp. 

9. Chaetoceros paradoxum PER.? 
10. — groenlandicus Cu.? 

11. Cymbella sp. 

12. Coscinediscus bathyomphalus Cu. 
13. Dimerogramma lanceolatum PER. 
14. Hunotia sp. 

15. Mastogloia coarctata n. sp. 


16. — exigua Lewis var. rostellata A. Cu.-E.? 
17. — streptoraphe n. sp. 

18, Navicula praecepta n. nom. 

19. — subimpressa GRUN.? 

20. — tuscula (EHRB.) GRUN. var.? 

21. — torneensis Cu. var.? 

22. — sp. 


23. Nitzschia insignis W. Sm. var. arctica GRUN.? 
24. Rhabdonema minutum Kz. f. capitata n. f. 
25. — — var. sulcata FRICKE. 
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26. 
27. 
28. 
29, 
30. 
31. 


CHABMPR WOE 


198 


Rhoicosphenia marina (W. Sm.) M. Scumipr var.? 
Sceptroneis marina GREG. 

Scoliopleura tumida (BREB.) RBH. var. cruciata n. var. 
Stauroneis sp. 

Striatella groenlandica OstrR. var.? 

Coscinodiscus Hauckii GRuUN.? 


Plate Til 


Diploneis sp. (cfr D. fusca) (GREG.) Cu. v. aestiva Donk. 
Gomphonema vibrio (HHRB.) Cu. 

Surirella Comis A. 8. 

Campylodiscus Thuretiti Brus. 


. Mastoglova (Smithit Tawatres f:a?). 

- Rhabdonema minutum Kz. f. monsir. (cfr A. S. Atl. T. 220: 11). 

. Hemiaulus polymorphus Grun. v. frigida GRun. 

. Pyxidicula liasica Rorue.. 

. Cocconeis placentula Eure. “f. klinoraphis Gurru.” 

- — costata GREG. var. pacifica (GRUN.) CL. 

. Caloneis Schumanniana (Grun.) Cu. var. biconstricta Grun. fia. 

- — sp. cfr alpestris (GRUN.) CL. see also Hust. 1935 fig. 1:10 a. 

- — 8p. — 90 x 21; str. 18. Besides the narrow fenster-band one inframarginal baulk. 
. Cymbella Ehrenberg f:a. 

- — sp. Cfr C. parva (W. Sm.) Cu. Dim. 107 x 20; str. 6. coarsely punctuate in quincunx. 
- — sp. Cir C. cistula (Hempr.) Grun. — Str. 6, lin. 8/10 Ue 

. Scoliopleura (Tumida?), with a most conspicuous fenster-band. 

. Paraha sulcata Kure. f. radiata Grun. 

. Cyclotella antiqua W. Sm. 

. — Kutzingiana THWAITES. 


ocellata PANT. 
23. — comta (EursB.) Kz. 


. Unknown form. 


Tryckt den 9 januari 1950 


Uppsala 1950, Almqyist & Wiksells Boktryckeri AB 


e--e--* 


17 
20 30 40 60 60 70 80 90 100% 


10 20 30 40 50 60 70 80 


10 20 30 40 50 60 70 80 90% 


waneoti tot 


\ rd 
ao \ 3 
‘ = 
; 2 
’ 3 
z 
= 3 
; 3 
& 
7 ‘ i 
a a 
RS oo 
3 
3 
es led 
3 z g 
Ae: | 
: mines : 
= 
‘fet vii é 
& 2 = & 
$ $ = 
3 
= : ; 
= 2 | 2 
$ “U8 eee : 3 f 
(~) eB th 2 6 © 4 ~ oe cs a a Cr! 


if 
ep aarey SE Seep ape 


ae Ses iiteeemneneeliiesttntR nanan ee 


ARKIV FOR MINERALOGI OCH GEOLOGI. Bd 1 nr 6 Plate IT 


om) 


za Ds 
WLC Tins - 


-_—CUNUW TT 


a 
=a 


st Hip 77 
Se ees 
SEM 


a 


1 


ARKIV FOR MINERALOGI OCH GEOLOGI. Bd 1 nr 6 


Plate III 


mae WI <I 


mii 
=P, 


MT, 
Yom TILT 


WADED ATTIC 


ea 


UF i] 


a - 


a i ; 


INNEHALL 


Sid. 
4. Wickman, F.E., The crystal structure of Shortite, Ca,Na,.(COs),; 95—101 
5. Hessnranp, I., Calcareous freshwater sediments from northern 


Bohusliin . Slee) | Aled sR spl at tthe er ae ee 
6. Bure, A. & Hesszanp, I., A Quaternary diatom spectrum from 
Boluslin yw 3 Re, ee 


ee 
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